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DEDICATION 
The work described by this report is dedicated to the 
following people or groups who have profoundly influenced the 
views and outlook I have toward life. They include the 
following - Bob Marley and the Wailers, Peter Tosh, Fred, Tom 
Petty and the Heartbreakers, and all the other reggae folks, 
and rock and rollers who are (were) "Jah'min Mahn." 
Also, the words of L. H. Gile and J. W. Hawley will 
continue to strongly influence my appreciation of the 
fascinating world of soil genesis. 
"Thus, truncation and deep illuviation can affect 
paleosolic evidence." 
Gile, L. H. and J. W. Hawley. 1966. Periodic sedimentation 
and soil formation on an alluvial-fan piedmont in southern 
New Mexico. Soil Sci. Soc. Am. Proc. 30:261-268. 
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GENERAL INTRODUCTION 
Soils which occur along the upland stream divides near the 
Upper Iowa River in northeastern Allamakee County, Iowa are 
formed in a silty mantle of late Wisconsin loess. Landscape 
dissection by fluvial erosion has exhumed red (2.5YR 4/8) and 
brown (7.5YR, lOYR hues), clayey paleo-argillic horizons along 
hillslope shoulder and backslope components. Paleosols 
present below the late Wisconsinan loess are formed in diverse 
parent materials consisting of Paleozoic interbedded 
sandstone-shale-limestone sedimentary rocks, Pre-Illinoian 
glacial tills, eolian sedimentary deposits of loesses and 
sands, and erosional sediments from bedrock, till, eolian 
deposits and previously weathered soils (Hudak, 1988). 
Characterization of the soils and sediments along the upland 
divides may provide additional information related to the 
geomorphic history of the Upper Mississippi Valley. 
Prior (1976) proposed the name "Paleozoic Plateau" for the 
unique physiographic region bounded by the Mississippi River 
to the east and the lowan Erosion Surface to the west. The 
primarily bedrock-controlled topography of this region 
separates northeast Iowa from the other regions of the state 
where land surface topography has formed in thick Quaternary 
age deposits. Differential resistance to erosion has shaped 
the landscape composed of steeply-sloping topography with 
more-resistant sandstones and dolomites, and more-gently 
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sloping surfaces formed from less-resistant shales and 
Pleistocene deposits. 
The Paleozoic sedimentary bedrock exposed along the 
uplands near the Upper Iowa River is predominantly Ordovician 
in age (Hallberg et al., 1984). The Oneota Formation is an 
Early Ordovician dolomite which is capped by the Shakopee 
Formation. The Shakopee Formation consists of two members -
New Richmond Sandstone and Willow River Dolomite. Gradational 
changes from sandstone to dolomitic sandstone to dolomite 
occur within the Shakopee Formation. Isolated outcrops of the 
Middle Ordovician St. Peter Formation, a mature, very pure 
quartz sandstone, lie unconformably above the Shakopee 
Formation. 
Northeast Iowa has been frequently included in the area 
known as the "Driftless Area" of the Upper Mississippi Valley. 
The "Driftless Area" designation waâ based on the assumption 
that deep bedrock incision required very long periods of 
geologic erosion, and the scarcity of clearly-identifiable 
glacially-derived tills or sediments on the uplands. Early 
work by A. J. Williams (1923) documented numerous exposures of 
glacial till or glacial erratic-bearing sediments throughout 
northeast Iowa. Williams concluded that these deposits were 
Nebraskan in age but recent revisions of the classical 
Pleistocene chronostratigraphy would correlate these deposits 
as Pre-Illinoian (Hallberg, 1986). 
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Upland Pleistocene stratigraphy consists of well-developed 
Yarmouth-Sangamon paleosols formed in Pre-Illinoian tills as 
localized, isolated remnants along the most stable upland 
divides (Hallberg et al., 1984). Pediments cut into the 
Yarmouth-Sangamon surface have been identified as Late 
Sangamon erosion surfaces with paleosols having thinner sola 
than the Yarmouth-Sangamon paleosol. The Late Sangamon 
pediment has beveled the Yarmouth-Sangamon surface and may 
descend in a "stepped" manner onto Paleozoic sedimentary 
bedrock (Lively et al., 1987). Truncated paleosols occur on 
this erosion surface and are frequently called "Late Sangamon" 
paleosols. Additional complications with age determinations 
of stepped erosion surfaces in bedrock-controlled topography 
may result because differential erosion can expose 
geologically-resistant surfaces as stripped or structural 
plains (Ruhe, 1975). Pediments cut into the Late Sangamon 
Paleosol and surface are younger than "Late Sangamon" and are 
commonly related to the lowan Erosion Surface (Ruhe, 1969). 
These Wisconsinan age pediments are loess-covered, but 
truncation and removal of the older paleosols resulted in 
loess deposition directly onto pediments or bedrock. Inset 
below the Wisconsinan-age lowan Erosion Surface deposits are 
younger Holocene alluvial sediments (Hallberg et al., 1984). 
The regional loess stratigraphy for the Paleozoic Plateau 
in the Upper Mississippi Valley has not been studied in 
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detail. The upper loess sediment has been described as late 
Wisconsinan loess deposited prior to « 12,000 to 14,000 
radiocarbon years before present (RCYBP) (Frolking, 1989; 
Ruhe, 1969). Complications with the correlation of the 
earlier Wisconsinan loess arise because of the pedoturbated 
character of the older loess and the time-transgressive nature 
of the basal loess paleosol. Additional studies of the loess 
chronostratigraphy for the Upper Mississippi Valley are 
necessary to correlate this region with more extensively 
studied adjacent regions. 
Soil formation and clavev paleosols 
Soils formed in proximity to carbonate sedimentary rocks 
commonly have clayey textures which previous researchers 
described as residual from the rock. Several studies (Olson, 
1979; Frolking, 1983 and others) have concluded that red, 
clay-rich soils or "terra rossa" associated with carbonate 
rocks result from complex genetic processes such as 
colluviation, eolian and fluvial sources, and carbonate 
dissolution. The rubification (reddening) process indicates 
the relative composition of soil iron oxides (Schwertmann et 
al., 1982). Increased redness has been correlated with 
hematite content which is a function of various lithogenic and 
pedogenic factors such as mineral composition, pedoenvironment 
and climate (Boero and Schwertmann, 1989; Schwertmann, 1985). 
The clayey textures of these paleosols originated from 
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multiple processes including weathering, illuviation, and 
deposition of eolian and erosional sediments derived from 
previously-weathered soils and clayey sedimentary rocks such 
as shales (Bronger et al., 1983; Willman et al., 1989). 
The objectives of this research were the following; 
1. To determine the morphological, physical, chemical and 
mineralogical properities of loess-derived surface soils 
and the subjacent paleosolic profiles. 
2. To examine the differences in weathering intensities and 
pedogenic processes among the modern-day soils and 
paleosols. 
3. To describe a soil-stratigraphic model with reference to 
pédologie, soil-stratigraphic and geomorphic principles. 
Explanation of Dissertation Format 
This research study was divided into five sections. Each 
section was written in the standard format of a scientific 
journal article. The format used for presentation of 
scientific research included abstract, introduction, materials 
and methods, results and discussion, and reference 
subsections. Tabular data and figures were included on 
separate pages with additional data and morphological 
descriptions compiled in the appendices. A General 
Introduction section discusses the scope and objectives for 
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the dissertation research. The Summary and Conclusions 
section describes the results and conclusions from each 
article section. References cited within the General 
Introduction, and Summary and Conclusions sections are located 
in the List of References. 
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SECTION I. PEDOGENESIS OF TWO PRE-WISCONSINAN PALEOSOLS 
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ABSTRACT 
The deeply-incised, bedrock-controlled topography of 
northeast Iowa reveals red, clayey soils not commonly seen in 
other physiographic regions of the state. The composition of 
buried and exhumed paleosols beneath the Wisconsinan loess 
should provide additional detail related to the genesis of 
these unique soils. This study examines the morphology and 
composition of two buried pre-Wisconsinsan paleosols and the 
associated loess-derived soil located on an interfluve-summit 
» 10 km west of the Mississippi River in Allamakee County, 
Iowa. Coring below « 3 m of late Wisconsinan loess penetrated 
a gray (lOYR 6/1), sandy paleosol merged with the basal loess 
paleosol (Farmdale ?). The upper paleosolum was 
polygenetically blended with a red (2.SYR 4/8), clayey 
paleosol formed in erosional sediments from Ordivician-age 
sedimentary rock with the lower portion formed in residual 
material from interbedded sandstone-shale-dolomitic limestone. 
Parent material homogeneity determinations were based on sand 
fraction depth functions and "clay-free" sand distributions. 
Argillic and paleo-argillic horizons were confirmed by the 
observation of clay coatings, and the depth distributions of 
fine and total clay. Total elemental, and CBD- and oxalate-
extractable Si, Al, Fe, and Mn were measured to estimate the 
amount of crystallinity and degree of weathering among the 
loess-derived soil and the paleosols. The low levels of Fe^ 
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and ratios of Fe^/Fe^ support the hypothesis of more weathering 
of the paleosols relative to the modern-day soil. Two unique 
sand-sized minerals, authigenic silica and goethite/hematite, 
were studied by powder X-ray diffraction and total elemental 
analysis. The silica (381 g/kg Si^) occurred as cementing 
agents in the lower section of the gray paleosol while the 
goethite/hematite (64 g/kg Fe^) was interspersed within the 
red, clayey paleosol and concentrated in the lower meter of 
the core within the 7Btb7 and 7BCtb horizons. The 
preservation of euhedral goethite/hematite suggests a residual 
origin for the lower section of the paleosol. 
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INTRODUCTION 
Northeast Iowa has frequently been included in the area 
known as the "Driftless Area" of the Upper Mississippi River 
Valley. The concept of a "Driftless Area" was, in part, based 
on the degree of incision into the bedrock by rivers and their 
tributaries in this region. The assumption that deep bedrock 
incision requires a very long period of geologic erosion, and 
the scarcity of clearly-identifiable glacially-derived tills 
and sediments supported designation of this region as 
unglaciated. However, early work by A. J. Williams (1923) 
documented numerous exposures of glacial till or till-derived 
sediments in the uplands throughout northeast Iowa. Evidence 
used to record the tills was principally associated with the 
occurrence of igneous and metamorphic "glacial erratics" not 
related to the local sedimentary bedrock. The extensive 
degree of decomposition of igneous pebbles and the variation 
of lithologies relative to the Kansan till mapped west of the 
region lead Williams to conclude the patches of glacial drift 
were Nebraskan in age (Trowbridge, 1966). Recent revisions of 
the classical chronostratigraphy for Pleistocene glaciation 
would correlate these deposits as Pre-Illinoian (Hallberg, 
1986). 
Prior (1976) proposed the name "Paleozoic Plateau" for the 
unique physiographic region bounded by the Mississippi River 
to the east and the lowan Erosion Surface to the west. The 
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Paleozoic Plateau's western border is marked by the Silurian 
or "Niagaran" Escarpment where erosionally-resistant carbonate 
rock controls the topography of the region (Hallberg et al., 
1984). The bedrock-controlled topography of this region 
separates northeast Iowa from the other regions of the state. 
Differentially-resistant sandstones and dolomites produce 
steeply-sloping hillsides which stand in marked contrast to 
the more-gently sloping terrain formed on less-resistant 
shales and glacial deposits. 
Previous workers in the "Driftless Area" attempted to 
describe the upland surfaces as two peneplains - Dodgeville 
and Lancaster (Trowbridge, 1921). Current theories object 
with the concept of peneplains and more accurately describe 
the upland stratigraphy based on the theory of stepped erosion 
surfaces (Hallberg et al., 1984; Hudak, 1988). Upland 
stratigraphy consists of well-developed Yarmouth-Sangamon 
paleosols formed in Pre-Illinoian tills as localized, isolated 
remnants along the upland divides. Pediments cut into the 
Yarmouth-Sangamon surface have been identified as Late 
Sangamon erosion surfaces with paleosols having thinner sola 
than the Yarmouth-Sangamon paleosol. The Late Sangamon 
pediment has beveled the Yarmouth-Sangamon surface and may 
descend in a "stepped" manner onto Paleozoic sedimentary 
bedrock (Hallberg et al., 1984). Truncated paleosols occur on 
this erosion surface and are frequently called "Late Sangamon" 
12 
paleosols. Additional complications with age determinations 
of stepped erosion surfaces in bedrock-controlled topography 
may result because differential erosion can expose 
geologically-resistant surfaces as stripped or structural 
plains (Ruhe, 1975). Pediments cut into the Late Sangamon 
Paleosol and surface are younger than "Late Sangamon" and are 
commonly related to the lowan Erosion Surface. These 
pediments are loess-covered but truncation and removal of the 
older paleosols resulted in loess deposition directly onto 
pediments or bedrock. Inset below the Wisconsinan-age lowan 
Erosion Surface deposits are younger Holocene alluvial 
sediments. On-going research by Hudak (1988) and others 
suggests that much of the deep valley incision in the 
Paleozoic Plateau occurred during Wisconsinan time. 
Characterization of the soils and sediments along the 
upland divides may provide additional information related to 
the geomorphic history of the Upper Mississippi Valley. Soils 
formed in proximity to carbonate sedimentary rocks commonly 
have clayey textures which previous researchers described as 
residual from the rock. Several studies (Olson, 1979; 
Frolking, 1982 and others) have concluded that red, clay-rich 
soils or "terra rossa" associated with carbonate rocks result 
from complex genetic pathways such as colluviation, eolian, 
and fluvial processes, and carbonate dissolution. The 
occurrence of red, clayey soils near the Upper Iowa River in 
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northeast Allamakee County provides a unique opportunity for 
studying the morphology, genesis, and classification of modern 
soils and buried or exhumed paleosols. 
The objectives of this study were to: (i) determine 
chemical, physical and mineralogical parameters of the soil 
formed in late Wisconsinan loess and the underlying pre-
Wisconsinsan paleosols and, (ii) assess the relative 
differences in weathering intensity among the modern soil and 
the paleosols. 
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MATERIALS AND METHODS 
Study Location 
A hillslope traverse was sampled in northeast Allamakee 
County, Iowa approximately 10 km west of the Mississippi River 
(Figure 1). The traverse was located north of the Upper Iowa 
River and west of the Irish Hollow Creek watershed along the 
loess-mantled, bedrock-controlled uplands. The Paleozoic 
sedimentary bedrock exposed along the uplands near the Upper 
Iowa River is predominantly Ordovician in age (Hallberg et 
al., 1984). The Oneota Formation is an early Ordovician 
dolomite which is capped by the Shakopee Formation. The 
Shakopee Formation consists of two members - New Richmond 
Sandstone and Willow River Dolomite. Gradational changes from 
sandstone to dolomitic sandstone to dolomite occur within the 
Shakopee Formation. Isolated outcrops of the middle Ordovician 
St. Peter Formation, a very pure quartz sandstone, lie 
unconformably above the Shakopee Formation. 
Sampling Methodology 
Four soil profiles were excavated by back-hoe for 
description, sampling and laboratory characterization by the 
National Soil Survey Laboratory, in conjunction with the 
Allamakee County Soil Survey program. The soils were sampled 
as the Southridge (fine-silty over clayey, mixed, mesic Typic 
Paleudalfs) and Rollingstone (fine, mixed, mesic Typic 
Paleudalfs) series with each series sampled twice in this 
15 
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Figure 1. Study location map - hillslope traverse sampling 
locations 
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area. Additional, deeper soil cores were collected as 
reconnaissance samples with a trailer-mounted Giddings 
hydraulic coring rig in October, 1987. During August, 1988, 
deep cores (3 to 10 m) were obtained with a truck-mounted 
Giddings unit to interconnect the 1987 reconnaissance samples. 
This paper will describe findings related to Stop 1 (1988) 
(core # 88-1) which was collected north of the road in an 
alfalfa field known as Meyer's Field. A detailed 
morphological description was prepared (see Appendix A) 
according to standard soil description terminology (Soil 
Survey Staff, 1981). Soil samples were air-dried and gently-
crushed by mortar and pestle to pass a <2-mm sieve. Care was 
taken to avoid crushing weakly-cemented, weathered sedimentary 
rocks, but, undoubtedly, some rocks were ground with this 
procedure. Additional subsamples of the <2-mm material were 
ground to pass a 100-mesh sieve in a mechanically-driven agate 
mortar and pestle. 
Laboratory Analyses 
Soil reaction or pH was determined on a 1:1 soil/water 
suspension using a Fisher pH meter and combination glass 
electrode (Soil Survey Staff, 1984). Total carbon was 
measured on the clOO-mesh samples by dry combustion using a 
LECO CHN-600 elemental analyzer (Nelson and Sommers, 1982). 
Particle size distributions of the <2-mm samples were 
measured by the pipette method after pretreatment for organic 
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matter with 30% HgOg, and dispersion with sodium 
hexametaphosphate and shaking on a reciprocating shaker 
overnight (Walter et al., 1978). Sand fractionation was done 
with mechanical dry-sieving of the sands collected from the 
pipette method. Fine clay (<0.2jum) was measured by 
centrifugation of the pipetted suspension followed by an 
additional pipetting (Soil Survey Staff, 1984). 
Extractable metals (Fe, Al, Mn, Si) for selected <2-mm 
samples were determined by the citrate-bicarbonate-dithionite 
(CBD) method (Mehra and Jackson, 1960) and the acid-ammonium-
oxalate (pH=3.2) method (Soil Survey Staff, 1972). Iron and 
Mn were measured by atomic absorption spectrophotometry (AAS) 
on a Perkin-Elmer Model 560 atomic absorption 
spectrophotometer with an air-acetylene flame, and Al was 
measured by AAS using a nitrous oxide-acetylene flame. CBD-
extractable Si was measured by the molybdosilicate blue 
colorimetric method (Weaver et al., 1968). 
Acid digestion by HF of duplicate <100-mesh samples in 
pressure digestion bombs was used for determination of total 
Fe, Mn, Al, and Si in selected samples (Bernas, 1968; Buckley 
and Cranston, 1971). Total Fe and Mn were measured by AAS 
using an air-acetylene flame, and total Al and Si were 
measured by AAS using the nitrous oxide-acetylene flame. 
Selected crystalline samples were also finely-ground, 
digested by HF and analyzed for total Fe, Mn, Al and Si. 
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These samples were also analyzed by powder X-ray diffraction 
(XRD) to ascertain their crystalline composition. Random-
oriented powder mounts were prepared on glass slides using 
double-stick tape. 
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RESULTS AND DISCUSSION 
Soil Morpholoav 
The morphological characteristics of the loess-derived 
surface soil are shown in Table 1. The time of the beginning 
of loess deposition in this area is approximately 24,000 RCYBP 
(Lively et al., 1987) and thus, the upper loess would be late 
Wisconsinan. Wisconsinan loess deposition ended roughly 
14,000 to 12,000 RCYBP (Ruhe, 1969). The well-drained Fayette 
soil (fine-silty, mixed, mesic Typic Hapludalfs) is the 
forested member of the Tama-Downs-Fayette biosequence. For 
the soil profile sampled in Meyer's Field, the clay maximum in 
the Btl horizon is 28% (Figure 2) which indicate clay 
translocation relative to the C horizon clay content of 13% 
(Bt/C clay ratio = 2.2). Also, the presence of clay coatings 
or argillans, and the fine clay/total clay depth distribution 
and fine/total clay ratio (Figure 3) supports an illuvial 
origin for the clays (Soil Survey Staff, 1975). 
Homogeneity of the Wisconsinan loess parent material is 
supported by the nearly constant coarse/fine silt ratio (« 
1.5) and the uniform "clay-free" sand distribution (Figure 4). 
The decreased coarse/fine silt ratio (« 1.0) in the upper 50 
cm of the soil probably relates to weathering of the upper 
solum. The average "clay-free" coarse silt (CFCoSi) content 
is 51% and average "clay-free" fine silt (CFFiSi) content is 
45% for the upper 50 cm, compared to CFCoSi of 57% and CFFiSi 
Table 1. Morphological characteristics of the loess-derived surface soil in core 
# 88-1, Meyer's Field, Allamakee County, lowa^ 
Horizon Depth 
(cm) 
Color Texture 
(moist) 
Structure Mottles 
(moist) 
Total Carbon 
(g/kg) 
Soil pH 
Ap 23 lOYR 3/3 sil 2 m gr — — — — 14.9 6.4 
E 33 lOYR 4/2 sil 1 th pi — — — —  nd^ 6.6 
Btl 68 10YR 4/4 sicl 2 f sbk — — — —  6.4 6.4 
Bt2 98 lOYR 5/4 sil 2 m sbk eld lOYR 6/8 nd 5.6 
BCt 140 lOYR 5/4 sil 1 CO sbk c2d lOYR 6/8 
c2d lOYR 7/1 
2.4 5.4 
CI 185 lOYR 5/4 sil 0 m m2d lOYR 7/1 
C2d lOYR 6/8 
nd 5.6 
C2 245 lOYR 5/4 sil 0 m c2d lOYR 6/8 
C2d lOYR 7/1 
1.6 6.3 
C3 291 10YR 5/4 sil 0 m — 20.1 7.8 
^Abbreviations from Soil Survey Staff (1983). 
^Not determined. 
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STOP 1(1988): MEYER'S FIELD 
PARTICLE SIZE DISTRIBUTION 
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Figure 2. Particle size distribution - core # 88-1 
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STOP 1 (1988): MEYER'S FIELD 
FINE/TOTAL CLAY RATIO 
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Figure 3. Fine (< 0.2#) and total.(< 2n) clay content and 
fine/total clay ratios - core # 88-1 
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STOP 1 (1988): MEYER'S FIELD 
•• • • • SILT RATIO 
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Figure 4. "Clay-free" sand content and coarse/fine silt 
ratios - core # 88-1 
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of 39% for the lower solum (see Appendix B). Expression of 
the silt content based on "clay-free" values removes the 
illuvial clay dilution effect (Kellogg, 1962). These data 
would suggest weathering of coarse silt-sized fractions to 
smaller particles. Barshad (1964) describes the importance of 
chemical and physical weathering reactions for reducing the 
particle size of minerals. Alternatively, the decreased silt 
ratio in the upper solum could be the result of additions of 
fine silt-sized eolian dusts to account for the near-surface 
increase of this size fraction. 
The lower increment of loessial material (C4/2Ab horizon, 
291 to 320 cm depth) may be a mixed zone of the the basal 
loess paleosol (Farmdale Soil ?) and the underlying pre-
Wisconsinan paleosol formed in the sandy material (Figure 2). 
This zone may be correlative with the Farmdale Soil developed 
in Roxana silt as was recently described in Houston County, 
Minnesota (Lively et al., 1987). The increased sand content 
(«14%), the incorporation of 2Btb material (sand «39%), and 
the abrupt horizon boundaries suggest an erosion surface with 
a zone of mixing possibly from periglacial activity or bio-
cryoturbation (Frolking, 1982). The presence of few, 
distinct, very dark grayish-brown (lOYR 3/2) discontinuous 
coatings may relate to residual organic matter from an Ab 
horizon. Also, the Mn^ content increases from «300 fJ.q/g in 
the C3 horizon to a maximum of «1500 /ig/g in the Ab and then 
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decreases to «900 ng/g in the 2Btb (see Appendix C). The 
increased Mn^ and increases in Mn^ (Figure 9) and Mn^ may 
reflect a previously buried A horizon with maxima due to 
biocycling (Blume and Schwertmann, 1969). Another hypothesis 
to explain this zone of Mn concentration might be reduction, 
translocation, and concentration of Mn due to an apparent 
water table "perched" above the textural discontinuity. 
Grav. sandv clav loam paleosol 
The pre-Wisconsinan paleosol below the loess is light gray 
to gray (lOYR 6/1) and dominantly sandy clay loam and sandy 
loam textures. The 3Btb and 3BCb horizons from a depth of 320 
to 493 cm are leached of calcium carbonate as shown by the.low 
total carbon (C^) values (Table 2). However, the zone from 
493 to 528 cm appears to have accumulated secondary calcium 
carbonate (C^ = 11.7 g/kg) and silica (see the discussion in 
the mineralogy section). The 3Btb clay maximum is 34% 
compared to the 3BCb minimum of 15% which gives a clay 
maximum/minimum ratio of 2.3. The fine clay/total clay depth 
function and fine/total clay ratio (Figure 3) support an 
illuvial source for the clay increase. Also, the systematic, 
yet gradual, decrease in clay content for this paleo-argillic 
horizon is frequently observed in modern-day analogues of 
argillic B horizons such as the loess-derived surface soil. 
Furthermore, the lower horizon boundaries with the subjacent 
red, clayey paleosol are gradational. These boundaries do not 
Table 2. Morphological characteristics of the pre-Wisconsinan paleosols in core 
# 88-1, Meyer's Field, Allamakee County, lowa^ 
Horizon Depth Color Texture structure Mottles ct*) Soil CF (>2-mm) 
(cm) (moist) (moist) (g/kg) pH LithologyC 
C4/2Ab 320 lOYR 6/8 sil 0 m m2d 7.5YR 5/8 16.9 7.6 Qzt(4mra) ,SS 
3Btbl 369 lOYR 6/1 scl 1 f sbk m3p 7.5YR 6/8 0.8 7.3 Qzt,SS,Ct,Dl 
3Btb2 395 10YR 6/1 scl 1 f sbk c2p 7.5YR 6/8 1.0 7.4 Ct (2-4 mm) 
3BCb 493 10YR 6/1 
lOYR 6/2 
si 
scl 
0 sgr dp 7.5YR 6/8 0.6 7.4 Si (« 4mm) 
3BEtb 555 lOYR 7/2 scl 1 f sbk m2p 
dp 
dp 
7.5YR 6/8 
2.5YR 6/8 
2.5YR 4/8 
11.7 7.5 Si (2-15 ma) 
SS (3-5 ram) 
4Btb3 589 2.5YR 4/8 sc 
scl 
1 f abk mid 
eld 
eld 
5YR 5/8 
7.5YR 6/6 
lOYR 7/2 
0.7 7.3 SS,Sh 
(K 2-3 mm) 
4Btb4 620 2.5YR 4/8 c 2 f abk eld 
fid 
5YR 5/8 
lOYR 7/2 
0.7 7.3 Feox 
(w 2-5 mm) 
5Btb5 676 2.5YR 4/8 c 
scl 
3 f abk fid 
fid 
eld 
lOYR 7/2 
7.5YR 7/8 
lOYR 6/8 
3.3 7.2 Feox,01,SS 
(« 3-4 mm) 
6Btb6 740 2.5YR 4/8 c,sc 3 f abk eld lOYR 6/8 2.9 7.2 — — — — 
scl mlp lOYR 7/3 
ndd Feox,Si 7Btb7 783 5YR 5/8 c 0 m eld lOYR 6/8 7.2 
eld lOYR 7/3 (« 3 mm) 
7BCtb 818+ 2.5YR 4/8 sc 
scl 
0 m eld 
dp 
2.5Y 6/6 
7.5YR 6/8 
1.4 7.4 Feox,Si,Ct 
(« 5-20 ram) 
I 
^Abbreviations from Soil Survey Staff (1983). 
^Total carbon. 
^Coarse fragment lithology; Qzt=quartzite, SS=sandstone, Ct=chert, Dl=dolomite, 
Si=silica, Sh=shale, Feox=iron oxides- Dimension equals the diameter. 
^Not determined. 
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appear to be related to sedimentary formation (Retallack, 
1988). 
The assessment of parent material homogeneity for this 
zone is based on sand fraction data because of its dominance 
of the particle size distribution. The ratio of medium to 
fine sand remains relatively constant (« 0.6, Figure 5) for 
the 300 to 500 cm depth increment. Also, the "clay-free" sand 
content was « 90% because of the very low silt component of 
this zone. The ratio of fine/total sand ranges « 0.4 to 0.6 
for this area and also implies uniformity. Additional 
information on the uniformity of the deposit and the 
possibility of a sedimentological pattern are shown by the 
ratio of medium to fine sand (Figure 5). The absence of a 
coarsening-upward or fining-upward sedimentary pattern and the 
nearly constant medium/fine sand ratio suggests a homogeneous 
deposit. 
The origin of this sandy zone is not known at this time. 
Several hypotheses include an eolian deposit such as a dune, 
an alluvial deposit from eroded clastic rocks such as the St. 
Peter Sandstone commonly found in the region, and a residual 
remnant from the local bedrock sequence. The uniformity of 
the sand fractions, the lack of till-derived glacial erratics, 
and the dominance of medium and fine quartz sand suggest a 
local source. Unfortunately, the occurrence of this paloesol 
zone was found only at this single location along the sampling 
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Figure 5. Paleosol medium/fine sand and fine/total sand 
ratios - core # 88-1 
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traverse. Additional coring to determine the geometric 
configuration of this zone would provide insight related to 
its origin. 
Red, clavev paleosol 
The red (2.5YR 4/8) paleo-argillic horizons below the 
sandy paleosol are dominated by clay and sandy clay textures 
(clay range = 40-80%). The large percentage of fine clay as 
shown by the fine /total clay depth function and ratios, and 
the observation of common to many, distinct, continuous clay 
coatings support an illuvial origin for most of this clay 
(Frolking et al., 1983). The entire zone is leached of 
calcium carbonate (C^ range » 1-4 g/kg) with the 5Btb5 horizon 
of maximum clay (» 80%) also having the highest total carbon. 
The strong, fine, angular blocky structure results principally 
from the high clay content and the cementation effects of the 
sesquioxides present in this zone. The red paleo-argillic 
horizons' parent materials appear more variable in comparison 
to the loessial and sandy sola above this zone. Several lines 
of evidence supporting this variability include the erratic 
depth distributions of "clay-free" total sand (Figure 4), the 
ratio of fine/total sand (Figure 5), and the ratio of medium 
to fine sand for the paleosolum below 500 cm (Figure 5). 
Also, the mixed coarse fragment (> 2-mm) lithology (Table 2) 
comprised of sandstone, shale, dolomite, chert and iron oxides 
suggest either erosional sediments from local sedimentary 
30 
bedrock or thin, interbedded sandstone-shale-dolomitic 
limestone rock units. The occurrence of a sandstone fragment 
at the 650 cm depth between the zones of maximum clay supports 
the interbedded rock hypothesis. Furthermore, the 
identification of macro-crystalline, euhedral 
goethite/hematite (to be discussed in the next section) 
implies a residual nature for the lower rubified section. The 
possibility of a mixed zone of erosional sediments from local 
bedrock units above the residuum in the lower section cannot 
be disproved because of the advanced stage of weathering of 
this zone, and the limited scale of observation possible from 
the sampled core. 
Soil Composition 
The sand mineralogy for the paleosola below the 
Wisconsinan loess is dominantly well-rounded quartz with 
variable contents of Fe and Mn oxides. The upper, gray 
paleosolum should probably be classified as having siliceous 
mineralogy (Soil Survey Staff, 1975) because of the 
predominance of quartz sand. The lower, red paleosola has a 
significant portion of quartz sand. However, the large 
components of Fe/Mn concretions present in the sand fractions 
of several horizons and the high concentrations of CBD-
extractable Fe (Fe^) and total Fe (FeJ (to be discussed next) 
indicate mostly well-crystallized iron oxides probably 
resulting from the optimal drainage conditions present in this 
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deeply-dissected landscape with permeable bedrock lithologies 
such as fractured limestones and weakly-cemented sandstones. 
The depth distribution of CBD-extractable Si (Siy) and 
total Si (Sij) are displayed in Figure 6. The Si^ depth 
function for the loessial soil shows fairly constant amounts 
(range « 300-400 g/kg). In the gray paleosolum, the Si^ 
ranges from » 350 to 430 g/kg and reaches a maximum of » 430 
g/kg in the 3BCb horizon. The Si^ drops to minimal values in 
the clayey 4Btb4 and 6Btb6 horizons which may result from low 
quartz sand content. Also, the large percentage of iron 
oxides in these two horizons would act as diluents for the 
Sij, and the iron oxides tend to have only minor amounts of 
silicon associated with them. The Si^ values for the 5Btb5, 
and 7Btb7 through 7BCtb horizons are similar to the loessial 
soil range. The depth distribution of Si^ indicates very low 
amounts (range « 0.3-0.6 g/kg) for the loessial soil with a 
small increase in the gray paleosol at the upper boundary of 
the 3Btbl which then decreases in the 3BCb horizon. The 
increased Siy in the 4Btb4, 6Btb6 and 7Btb7 horizons coincides 
well with the increased clay contents suggesting the 
extractable form of silicon occurs with the clay-sized 
fraction in these zones. The presence of Siy in these 
horizons may increase the erosional resistance of these zones 
when headward erosion exposes the strata during landscape 
evolution. 
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Figure 6. Total silicon and CBD-extractable silicon depth 
functions - core # 88-1 
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CBD-extractable Al (Aly) and total A1 (Al^) indicate 
weathering of the surface horizons in the loessial soil 
relative to the C3 horizon (Figure 7). The coincident surface 
horizon decreases for both Al^ and Al^ suggest weathering and 
translocation of aluminosilicates into the Bt horizons (Blume 
and Schwertmann, 1969). The C4/2Ab horizon may have a small 
increase in Aly relative to the overlying unweathered C3 loess 
material. However, the Al^ values are constant across this 
interface and decrease at the lower depths of the gray 
paleosol. The gradual increases in clay, Aly, Si^, and Fe^ 
from the 3BEtb into the 4Btb3 support the polygenetic 
character of this transition zone. The depth distributions 
for Alj and Al^ for the red paleosol follow the same general 
trends as Si^ and Si^ with horizons of maximum clay having the 
largest amounts of extractable forms and total elemental 
content. 
The importance of extractable and elemental forms of Fe in 
these soils and paleosols relates to the degree of weathering 
as well as the sharp contrast in color of the paleosols 
(Table 2). In the loessial surface soil, data show the 
coincident increase in clay and Fe^ (Figure 8), the relative 
increases in the ratio of oxalate- to CBD-extractable Fe 
(FeyFe^) for the Ap horizon compared to the C3 horizon (Figure 
9) and the increased amount of Fe^ in the Bt horizons relative 
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to the Ap and C3 horizons (Figure 10). Collectively, these 
trends agree with the amount of weathering suggested by the 
data for Al^ The depth functions for Fe^ also describe the 
relative differences in the degree of weathering among the 
loessial soil and the subjacent paleosols. The very low 
amounts of Fe^ in the paleosols relative to both Fe^ and Fe^ 
support the hypothesis of more intensive weathering with the 
majority of the extractable Fe existing in a more crystalline 
state. 
The marked differences in amounts of Fe^ among the three 
sola suggest variation in the weathering regimes as well as 
differences in initial content related to parent materials 
(see Appendix C). For the loessial soil, the maximum Fe^ (28 
g/kg) corresponds to the clay maximum (29%). For the gray, 
sandy paleosol, the maximum Fe^ (24 g/kg) occurs in the C4/2Ab 
horizon and thus relates, in part, to the contact zone between 
parent materials. Also, the clay maximum (36%) and the 
maximum Fe^ (18 g/kg), coincide in this paleo-argillic 
horizon. Similarly, the red, clayey paleo-argillic horizons 
show maximum Fe^ (range « 80-90 g/kg) for horizons with 
maximum clay (range « 80-90%). 
Degree of weathering can be estimated by the relative 
proportion of crystalline Fe (i.e., Fe^) as shown by the ratio 
of Fe^/Fe^ (Figure 9). The loessial soil has a ratio of « 3 to 
5 which indicates more than w 50% of the Fe exists as 
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structural Fe in silicates and primary minerals. However, the 
paleosols have Fe^/Fe^ ratios ranging from « 6 to 10. 
Therefore, the Fe present in these horizons occurs principally 
as secondary forms such as oxides and oxyhydroxides. Also, 
the occurrence of macro-crystalline, euhedral 
goethite/hematite (to be discussed in the next section) in the 
7Btb7 horizons suggests well-ordered, crystalline forms for 
these iron oxides. 
Relative weathering differences can be attributed, in 
part, to the variations in parent materials as can be seen 
with the Fe^ depth functions for parent materials 4 through 7 
(Figure 10). Blume and Schwertmann (1969) state that the Fe* 
content alone may be more useful for estimating the degree of 
crystallinity of iron compounds for soils formed in distinctly 
different parent materials. The gray, sandy paleo-argillic 
horizon is essentially devoid of Fe^ (< 0.4 g/kg), whereas the 
amount of Fe^ present in the 4Btb3 through 5Btb5 increases 
from « 0.5 g/kg to > l.O g/kg. In the 6Btb6 horizon, a 
minimum (« 0.3 g/kg) is reached with an abrupt, significant 
increase (» 3.4 g/kg) in the 7Btb7 horizon. The extent of 
crystallization of iron oxides as shown by the Fe^ content 
illustrates the enhanced degree of weathering of the paleosols 
relative to the surface loess soil. 
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Figure 11. Photomicrograph of authigenic silica -
sample 88139 (scale = 1 mm square) 
Figure 12. Photomicrograph of euhedral goethite/hematite 
sample 88159 (scale = 1 mm square) 
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Mineralogy and Composition of Iron Oxides and Authiqenic 
Silica 
Two interesting secondary mineral forms were present in 
the pre-Wisconsinan paleosols (Figures 11 and 12). 
In the lower section of the gray, sandy paleosol, 
authigenic silica occurred as cementing agents for rounded 
quartz sand grains for a depth ranging from « 450 to 550 cm. 
Identification of the silica was based on total chemical 
analysis and powder XRD signatures. Total digestion of the 
material indicated predominantly SiOg with lesser amounts of 
FejOj and AlgO^, and no MnO (Table 3) . The powder XRD 
diffractogram (Figure 13) shows peaks corresponding 
essentially to quartz (3.35, 4.26, 2.46, 2.28, 2.13 A) with 
the exception of the peak at 2.24 A which most likely arises 
from a minor component of goethite. In addition to the 
silica, secondary calcite may be present in the region from 
493 to 528 cm based on the data. The solubility of silica 
in the sandy paleosol zones above the red, clayey paleosol may 
have resulted because the high content of iron oxides acts as 
a sorption sink for soluble silica and, thus enhanced the 
dissolution of silica (Hallmark et al., 1982). 
In the lower section of the red, clayey paleosol, the 
existence of macro-crystalline, euhedral goethite/hematite 
supports a hypothesis of residual origin for this zone. The 
Table 3. Chemical composition of authigenic silica and iron oxides in the 
pre-Wisconsinan paleosols, core # 88-1, Meyer's Field, Allamakee County, Iowa 
Sample Depth Si^ Al-j- Fe^ Mn^^ SiOg AlgO^ MnO C^^ 
(cm) (g/kg) (Mg/g) % (g/kg) 
Authigenic 
silica 
88139 548 381 28 4 0 81.6 5.3 0.5 0 1.7 
Goethite/ 
hematite 
88158 791 12 3.1 450 1936 2.6 0.6 64.3 0.3 3.4 
&Total elemental content of duplicate 
(Buckley and Cranston, 1971). 
^Total carbon of duplicate samples by 
samples based on HF digestion 
LECO induction furnace method. 
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Figure 14. XRD diffractogram of goethite/hematite - sample 88159 
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well preserved crystal faces indicate in-situ formation 
without transport, thereby negating the possibility of an 
erosional sediment during the period of crystallization. 
Total digestion of the powdered sample indicated predominantly 
FejOj with lesser amounts of MnO, and very low amounts of SiOj 
and AlgOj (Table 3) . The low amount of Alj from the total 
digestion agrees with the d,,, spacing of 2.45 A which suggests 
a minimal level of isomorphic A1 substitution in the goethite 
component (Norrish and Taylor, 1961). A low level of A1 
substitution has been previously related to weathering 
environment with less acidic environments producing lower 
degrees of A1 substitution (Schwertmann, 1985). The powder 
XRD diffractogram (Figure 12) shows peaks related principally 
to goethite (4.19, 2.70, 2.45 A) and hematite (2.70, 2.52, 
3.68 A) (Schwertmann and Taylor, 1977). Additional peaks at 
2.49 and 2.19 A may indicate a rutile (TiOg) component 
(Brindley and Brown, 1980). However, the Ti^ content was not 
determined in the total digests and thus no definite 
conclusions about this component can be drawn. 
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SUMMARY AND CONCLUSIONS 
The surface soil on a summit-interfluve west of the Irish 
Hollow Creek watershed was formed in late Wisconsinan loess. 
The ground soil contained an argillic horizon which indicates 
sufficient landscape stability for weathering and 
translocation of clays as displayed by the fine clay depth 
distribution and the presence of clay coatings. Complications 
resulting from the possible additions of eolian dust to the 
upper 50 cm may be indicated by the content of "clay-free" 
silt fractions. However, the distributions of Si^, Al^, Fe^, 
and Fe^ suggest adequate weathering to account for a 
significant portion of the clay present in the argillic 
horizon. 
Deep coring below « 3 m of late Wisconsinan loess revealed 
two pre-Wisconsinan paleosols. The upper, gray (lOYR 6/1) 
paleosol was dominated by textures of scl and si. The 
occurrence of paleo-argillic horizons was supported by the 
distributions of fine and total clay, and observation of clay 
coatings. The sandy paleosolum was polygenetically derived 
with a buried A horizon formed in mixture of loess and 
erosional sediments. The lower portion of the sandy 
paleosolum appears to have become polygenetically "welded" to 
the underlying red (2.5YR 4/8), clayey paleosol as shown by 
the gradational boundaries, and gradual increases in clay and 
extractable elements such as Siy, Al^, and Fe^. The intensive 
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degree of weathering exhibited by the two paleosols relative 
to the loessial soil was documented based on the low amounts 
of Fe*, the enhanced quantities of crystalline iron oxides 
(FeyPe^), and the occurrence of authigenic silica and macro­
crystalline, euhedral goethite/hematite. Difficulties with 
interpretations of the origin of parent materials for these 
paleosols arise because of the limited areal exposure of these 
strata and the over-printing effects relative to the 
polygenetic character of these paleosols. 
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SECTION II. PARENT MATERIAL DIFFERENTIATION ALONG AN UPLAND 
HILLSLOPE TRAVERSE, IRISH HOLLOW CREEK 
WATERSHED, NORTHEAST IOWA 
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ABSTRACT 
Understanding the effects of pédologie processes 
necessitates the discrimination of various parent materials 
within vertical and horizontal regions of soils. This study 
was conducted to assess the utility of using "clay-free" sand-
and silt-size fraction data, in combination with other 
measured properties, to differentiate parent materials along 
an upland hillslope traverse. Recalculated particle size 
distribution data on a "clay-free" basis were plotted as depth 
functions for ten sampling sites. Comparison of adjacent 
ranges of overlap, based on the relative standard error for 
determining sand and silt fractions, revealed useful 
separations which generally agreed with morphologically-
distinct divisions of soil and paleosol parent materials. 
Difficulties in distinguishing parent materials for paleosols 
with very low silt content were encountered, and additional 
data such as morphological and chemical measurements used in 
those cases. This technique was found to be especially useful 
for parent material discrimination of pedologically-welded 
profiles such as the red (2.5YR 4/4), clayey, exhumed, paleo-
argillic horizons which occurred in the Southridge soils 
sampled near noseslope positions. 
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INTRODUCTION 
Identification of changes in parent materials within the 
vertical sequence of a soil profile is essential to evaluating 
the effects of pedogenesis on soil development. The amount of 
relative and absolute changes to soil development contributed 
by weathering requires a baseline horizon(s) for effective 
comparisons. Difficulties with separation of soil parent 
materials arise in areas with thin, interbedded sedimentary 
rock strata and, especially, for areas in which erosion and 
redeposition of mixed lithology parent materials has occurred 
(Frolking, 1982; Frolking et al., 1983). Paleosols present 
below the late Wisconsinan loess in northeast Iowa are formed 
from parent materials of local sedimentary bedrock, Pre-
Illinoian glacial tills, eolian sedimentary deposits such as 
loesses and sands, and erosional sediments from Pre-Illinoian 
tills, eolian sediments and Paleozoic Bedrock (Hudak, 1988). 
Therefore, quantitative methodology to separate and identify 
these various parent materials is an important prerequisite to 
understanding pedogenesis of the buried and exhumed paleosols. 
Examination of various weathering profiles using "clay-free" 
changes in particle size depth functions should provide useful 
information related to parent material variations.. Assessment 
of parent materials will be divided into groups based on a 
hypothesis of stable landscape positions as displayed by loess 
thickness patterns (Ruhe, 1969). The assumption of landscape 
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stability relative to loessial parent materials with 
concurrent climatic and vegetational conditions may not be 
valid in all cases for pre-loess conditions and different 
parent materials. Also, mixing of two or more parent 
materials by erosion, periglacial and biogenic activity, and 
profile welding by pedogenesis produce additional 
complications for assessing variations of parent materials 
(Olson, 1979; Ruhe and Olson, 1980). However, use of this 
model may facilitate future application of this methodology 
for other sampling regions. The objectives of this study were 
to: (i) test the hypothesis that "clay-free" sand and silt 
depth functions, in conjunction with other morphological, 
chemical and physical characteristics, could be effectively 
used to differentiate parent materials along the sampled 
traverse, and (ii) illustrate the complexity of parent 
materials present in the uplands adjacent to the Irish Hollow 
Creek watershed. Parent material complexity is the summation 
of processes operating to create both erosional and 
sedimentological heterogeneity, and pedologically-blended 
homogeneity. 
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MATERIALS AND METHODS 
Study Location 
The hillslope traverse was sampled in northeast Allamakee 
County, Iowa approximately 10 km west of the Mississippi River 
(Section I, Figure 1). The traverse was located north of the 
Upper Iowa River and west of the Irish Hollow Creek watershed 
along the loess-mantled, bedrock-controlled uplands. The 
Paleozoic sedimentary bedrock exposed along the uplands near 
the Upper Iowa River is predominantly Ordovician in age 
(Hallberg et al., 1984). The Oneota Formation is an Early 
Ordovician dolomite which is capped by the Shakopee Formation. 
The Shakopee Formation consists of two members - New Richmond 
Sandstone and Willow River Dolomite. Gradational changes from 
sandstone to dolomitic sandstone to dolomite occur within the 
Shakopee Formation. Isolated outcrops of the Middle 
Ordovician St. Peter Formation, a mature, very pure quartz 
sandstone, lie unconformably above the Shakopee Formation. 
Upland Pleistocene stratigraphy consists of well-developed 
Yarmouth-Sangamon paleosols formed in Pre-Illinoian tills as 
localized, isolated remnants along the most stable upland 
divides (Hallberg et al., 1984). Pediments cut into the 
Yarmouth-Sangamon surface have been identified as Late 
Sangamon erosion surfaces with paleosols having thinner sola 
than the Yarmouth-Sangamon paleosol. The Late Sangamon 
pediment has beveled the Yarmouth-Sangamon surface and may 
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descend in a "stepped" manner onto Paleozoic sedimentary 
bedrock (Lively et al., 1987). Truncated paleosols occur on 
this erosion surface and are frequently called "Late Sangamon" 
paleosols. Additional complications with age determinations 
of stepped erosion surfaces in bedrock-controlled topography 
may result because differential erosion can expose 
geologically-resistant surfaces as stripped or structural 
plains (Ruhe, 1975). Pediments cut into the Late Sangamon 
Paleosol and surface are younger than "Late Sangamon" and are 
commonly related to the lowan Erosion Surface (Ruhe, 1969). 
These Wisconsinan-age pediments are loess-covered, but 
truncation and removal of the older paleosols resulted in 
loess deposition directly onto pediments or bedrock. Inset 
below the Wisconsinan-age lowan Erosion Surface deposits are 
younger Holocene alluvial sediments (Hallberg et al., 1984). 
Sampling Methodoloav 
Four soil profiles were excavated by back-hoe for 
description, sampling and laboratory characterization by the 
National Soil Survey Laboratory, in conjunction with the 
Allamakee County Soil Survey program. The soils were sampled 
as the Southridge (fine-silty over clayey, mixed, mesic Typic 
Paleudalfs) and Rollingstone (fine, mixed, mesic Typic 
Paleudalfs) series with each series sampled twice in this 
area. Additional, deeper soil cores of the loess-derived 
Fayette (fine-silty, mixed, mesic Typic Hapludalfs) series and 
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buried paleosols were collected as reconnaissance samples with 
a trailer-mounted Giddings hydraulic coring rig in October, 
1987. During August, 1988, deep cores (3 to 10 m) of loess-
derived soils with buried paleosols were obtained with a 
truck-mounted Giddings unit to interconnect the 1987 
reconnaissance samples. 
Detailed morphological descriptions were prepared (see 
Appendix A) according to standard soil description terminology 
(Soil Survey Staff, 1981). Soil samples were air-dried and 
gently-crushed by mortar and pestle to pass a <2-mm sieve. 
Care was taken to avoid crushing weakly-cemented, weathered 
sedimentary rocks, but, undoubtedly, some rocks were ground 
with this procedure. 
Laboratorv Analvses 
Particle size distributions of the <2-mm samples were 
measured by the pipette method after pretreatment for organic 
matter with 3 0% HgOg, and dispersion with sodium 
hexametaphosphate and shaking on a reciprocating shaker 
overnight (Walter et al., 1978). Sand fractionation was done 
with mechanical dry-sieving of the sands collected from the 
pipette method. 
Particle size distributions as depth functions were 
recalculated based on the "clay-free" distributions of sand, 
coarse silt, and fine silt. Calculation of "clay-free" 
particle size data reduces the dilution effect caused by 
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illuviation of clays (Kellogg, 1962). However, potential 
problems from this type of analysis might result in strata 
where both pedogenic and lithogenic clays occur 
simultaneously. West et al. (1988) used a relative difference 
of greater than 25% in the "clay-free" particle size fractions 
as an indicator of parent material change for soils developed 
on Cretaceous limestone in central Texas. This relative 
difference will be referred to as the "range of overlap" in 
this paper. 
Soil reaction or pH was measured in a 1:1 soil/water 
suspension using a Fisher pH meter and combination glass 
electrode (Soil Survey Staff, 1984). 
Analysis of selected samples for trace metal (elemental 
Zr) content was determined by energy-dispersive X-ray 
fluorescence of powdered samples (Johnson, 1984). Whole soil 
(<2-mm) and sand (2.0-0.5 mm) fractions were finely ground in 
an agate mechanically-driven mortar and pestle, and sieved to 
pass 250-mesh to reduce particle size effects. Loose powder 
samples were placed in cylindrical cells with Mylar plastic 
film stretched across one end and analyzed with a Kevex 0700 
energy-dispersive x-ray fluorescence spectrometer. 
Calibration graphs were constructed by using a method to 
relate the ratio of sample line intensity to Compton scatter 
intensity for various USGS reference standards. These 
analyses were performed in the Department of Geological and 
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Atmospheric Sciences, and used to aid in assessment of parent 
material uniformity. 
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RESULTS AND DISCUSSION 
Loess Thickness 
The question of identifying stable landscape positions in 
a region where evidence of extensive landscape instability has 
occurred is important to understanding the soil stratigraphie 
relationships for this hillslope. Loess thickness patterns 
may provide some useful information related to landscape 
stability for the time period encompassing deposition of loess 
and following loess deposition. The Irish Hollow Creek 
hillslope traverse across Burmeister' Ridge was divided into 
four groups based on loess thickness. The first group had 
loess thickness of « 3 m. and included stops 88-1 and 87-3 
(see Section I, Figure 1 for sampling locations, and 
Appendices A and B for profile descriptions and particle size 
data). The second group had « 1.5 to 2 m. of loess and 
included stops 88-7, 88-2, 88-4, 87-4, and 87-5. The third 
group (loess thickness « 1 m) consisted of stops 88-6, 88-5, 
and 87-6. The fourth group was profile 86-10 with essentially 
no loess (silty surficial parent material with greater than 
20% sand). Loess thickness for this region has frequently 
been related to interfluve width, slope aspect, location with 
respect to protective upwind interfluves, and proximity to the 
upper reaches of headward-eroding drainageways (Lueth, 1985). 
Interfluve width and proximity to headward-evolving 
drainageways appear to have operated along the sampled 
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traverse and provide additional support to the previous 
groupings. The only anomaly to this loess thickness model is 
stop 87-5 with a loess thickness of « 2 m (see Appendices A 
and B). This site appears to have remained stable following 
loess deposition and now occupies a isolated "island-type" 
landscape position with neighboring drainageways carving a 
saddle northwest of the knob. In support of the drainageway 
proximity criteria, stop 86-10 contains no "true" loess. The 
higher sand content for its surface horizons suggests 
incorporation of locally-derived fine sand. Also, a stoneline 
present in the 2Bt2 horizon (36-49 cm) supports an erosional 
surface at a very shallow depth (see Appendix B). 
In addition to loess thickness, site stability was 
evaluated based on the presence or absence of calcareous basal 
loess horizons as revealed by visible effervescence with HCl 
and soil reaction data (see Appendices A and B). Soil 
reaction values of 7.4 or greater were used to qualitatively 
identify calcareous horizons. This technique agreed with the 
previous loess thickness groupings for stable landscape 
positions because stops 88-1 and 87-3 had calcareous basal 
zones with thick loess. However, stop 87-5 had calcareous 
basal loess on a relatively narrow ridge which supports the 
previous hypothesis that headward erosion has primarily 
bypassed this noseslope. Also, lateral flow of subsurface 
water across the less permeable paleo-argillic horizons may 
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have removed carbonates. Profiles 88-7, 88-4, 88-2 and 87-4 
with « 1.5 to 2 m of loess are located relatively close to the 
heads of drainageways, and subsurface water flow (throughflow) 
into the drainageways may have leached carbonates from basal 
loess zones. The possibility of deposition of noncalcareous 
loess cannot be answered for this study area. 
Parent Material Differentiation 
Figures 1 and 2 show "clay-free" sand (CFS) depth 
functions for stops 88-1 and 87-3 with loess thicknesses of «3 
m. Discussion of parent material variability for stop 88-1 
was reported in Section I. "Pedogenesis of Two Pre-Wisconsinan 
Paleosols", and Figure 1 provides additional support to the 
homogeneity or separation of various horizons and materials. 
The grouping of various parent materials for stop 88-7 was 
demonstrated conclusively using the CFS depth function. The 
error bar associated with each data point is the calculated 
range of overlap as discussed in the Materials and Methods 
section. 
Figure 3 illustrates the elemental Zr content for selected 
samples of the loessial C3 horizon and subjacent Pre-
Wisconsinan paleosols. Unlike the CFS depth functions, the 
error bar in this figure is the standard error for measurement 
of elemental Zr based on the 95% confidence interval 
calculated for the ratio-calibration graph analysis of XRF 
intensity data. Separation of the Pre-Wisconsinan parent 
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materials is not clearly shown with Figure 3 (no XRF 
determination was made for the SBtbS horizon). Distinction 
between the overlying loess and paleosols is evident, but 
separation between paleosols is not readily apparent. One 
explanation for the poor resolution may be the use of the <2-
mm fractions for analysis. Smeck and Wilding (1980) recommend 
the use of >2~/im fractions for determination of stable indices 
such as Zr and Ti. Analysis of sand fractions only (2-0.5 mm) 
for samples from the 3Btbl, 3BCb, 6Btb6 and 7BCtb horizons 
showed both concentration and dilution effects from the <0.5-
mm fractions (Table 1). Calculation of the percentage 
difference between the whole soil (<2-mm) and sand (2-0.5 mm) 
fractions shows evidence of elemental Zr within the silt and 
clay fractions for samples from the 3BCb, 6Btb6 and 7BCtb 
horizons. 
Interpretation of the CFS depth function for stop 87-3 
(Figure 2) illustrates the utility as well as some of the 
potential difficulties of this approach. The involution of 
basal loess with the underlying paleo-argillic horizons occurs 
at « 300 cm in the C4&2Btbl horizon. In addition to the CFS 
data, profile morphology (abrupt boundaries, and marked 
changes in color and texture) and soil reaction data 
(calcareous loess both above and below the upper portion of 
the clayey paleo-argillic horizon) support this conclusion 
(see Appendices A and B). Within the paleosol horizons, 
Table 1. Soil characterization data for the Southridge soil 
at stop 86-10 (Burmeister's Ridge) 
Horizon Mdpt& Sand Silt Clay Soil Fe^ Al(j Clay Mineralogy^ Fe^c 
(cm) % pH (g/kg) MT MI MM VR KK GE QZ DL CA (g/kg) 
Ap 13 20 61 19 6.7 9 1 2^ 2 3 2 1 44 
Btl 31 25 47 28 7.1 13 1 
2Bt2 43 41 32 27 7.1 13 2 3 2 2 2 1 60 
2Bt3 59 58 16 26 7.1 11 1 
3Bt4 79 30 13 57 6.0 24 3 3 2 2 3 1 1 56 
3Bt5 98 52 13 35 7.3 14 1 
4R 118 nd® nd nd 9.1 1 — —  1 3 1 10 
5Cr 135 60 5 35 8.0 24 2 
6Cr 150 77 3 20 7.6 17 1 2 2 2 3 2 70 
6R 163 nd nd nd 8.6 1 trf 
I 
^Horizon midpoint depth. 
^Mineral identification: MT=montmorillonite, MI=mica, MM=smectite-mica, 
VR=vermiculite, KK=kaolinite, GE=goethite, QZ=quartz, DL=dolomite, CA=calcite. 
^Total iron content for the total clay (<2.0/i) fraction. 
^Relative peak size: 3=medium, 2=small, l=very small. ®Not determined. ^Trace. 
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parent material changes from unit 2 to 3 are clearly evident. 
The lithologie change from unit 3 to 4 occurred at « 460 cm 
and illustrates one potential problem with this type of 
analysis. This problem results when the CPS value approaches 
100% (very low silt content) and the range of overlap (CFS 
value +/- 25%) becomes quite large. For this and other low 
resolution cases, additional lines of evidence such as 
morphological, elemental, and mineralogical data are necessary 
to clearly differentiate parent material changes. Also, the 
percentage used to calculate the range of overlap may need to 
be adjusted to specific levels of CFS content because the 
relative error may increase or decrease with lower and higher 
percentages of CFS. 
Figure 4 displays the CFS depth function for stop 88-7. 
This stop had no calcareous basal loess. There was « 180 cm 
of Wisconsinan loess over a paleosol formed in pedisediment 
over additional paleo-argillic horizons formed in erosional 
sediments from Paleozoic bedrock or, possibly, residuum. The 
separation of the various parent materials can be clearly seen 
using this technique. Another example for this loess 
thickness group is stop 88-4 (Figure 5) where a stoneline and 
an abrupt boundary with little evidence of basal mixing 
separates the loess from the paleosol at « 170 cm. The high 
clay (clay=73%, sand=19%) horizon at « 220 cm may represent an 
illuvial accumulation zone or a weathered shale fragment 
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separating the somewhat finer-textured 2Btb horizons from 
paleosol material beneath it. The CPS depth function does not 
sharply differentiate the various parent materials for stop 
88-4. The very low silt content of these paleosols gives 
inadequate division of the materials. Morphological changes 
of color (lOYR 5/6 to 7.5YR 5/8 to lOYR 4/6) and structure 
(sxibangular blocky to massive to angular blocky) provide 
additional data for the parent material changes shown by the 
particle size data (see Appendices A and B). 
The advantage of this technique is strongly apparent for 
shallow profiles such as the Southridge soil at stop 88-5 
(Figure 6). Some mixing of loess at the loess-paleosol 
interface appears to have added « 20% silt to the upper 
portion of the 2Btbl horizon. However, separation of parent 
materials 3 through 6 is clearly demonstrated with this depth 
function. This system for distinguishing changes in parent 
materials was especially useful when pedogenic welding of 
these clayey horizons with high iron oxide (color=2.5YR 
4/4,4/8) content exhibit poor separation of soil horizons. 
Additional support for differentiation of these parent 
materials was based on clay-free fine silt data for 4Btb3-4 
horizons from the overlying 3Btb2. The silt data could be 
applied in this case because there was » 30-35% silt in the 
4Btb horizons. The 3Btb2 horizon may possibly be a mixed zone 
formed from the 2Btbl and 4Btb horizons. 
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SECTION III. ELEMENTAL COMPOSITION OF SOILS AND PALEOSOLS 
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ABSTRACT 
Elemental composition (Al, Fe, Mn) may provide useful 
information related to the processes and extent of pedogenesis 
in ground soils and paleosols. This study was conducted to 
examine elemental depth distributions for loessial soils, and 
buried and exhumed paleosols formed in Pre-Illinoian glacial 
tills, erosional sediments from tills and sedimentary bedrock, 
and weathered bedrock. CBD- and oxalate-extractable Al, Fe, 
and Mn, and total Al, Fe, and Mn were measured from 10 (3-10 m 
depth) cores of soils, paleosols, and sediments collected 
along an upland hillslope traverse in northeastern Iowa. 
Depth distributions of Fe^, Aly, and Al^ showed increases in 
both loessial soils and paleosols that were related to 
weathering processes and translocation of clays. Paleosolic 
depth functions were more pronounced and displayed changes 
produced by both pedogenic and lithogenic factors. Depth 
distributions of Fe^ indicated that maximum accumulation of 
non-crystalline weathering products occurred at the interface 
near the top of the argillic horizons for loessial soils. 
Measured amounts of « 4-5 g/kg Fe^^ for E, BE and upper Bt 
horizons exceeded the unweathered C horizon levels of « 1-2 
g/kg, and the depth to maximum Fe^ levels was « 40 to 60 cm. 
The possibility of using Fe^ distributions, in conjunction 
with morphological and additional chemical data such as Mn^ 
depth functions, was postulated for identifying basal loess 
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paleosols on well-drained positions. Comparisons among 
loessial soils and paleosolic profiles with Fe^ depth 
functions, and ratios of FeyFe^, Fe^Fe^, and Fe^/Fe^ support 
more intensive weathering of paleosols relative to loessial 
soils. Paleosols frequently had very low Fe^ content, 
especially when compared to their Fe^ composition through 
Fe^/Fe^ ratios. Also, loessial soils tended to have 20 to 30% 
crystalline iron oxides (FeyFe, « 2-3) while paleosolic 
profiles typically had >50% crystalline iron oxides (Fe^/Fe^ » 
5-10). 
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INTRODUCTION 
Aluminum is the third most abundant element in the 
earth's crust and soils, exceeded only by silicon and oxygen. 
Soils have an aluminum content which commonly ranges from « 10 
to 65 g/kg Al^ and have the greatest amounts (« 100 to 320 
g/kg) in highly weathered soils such as Ultisols and Oxisols 
(Jackson, 1964). Aluminum occurs in aluminosilicate minerals, 
feldspars, amphiboles, pyroxenes and other silicate minerals, 
and has frequently been used to characterize the degree of 
weathering in soils. The aluminum released during weathering 
of primary minerals such as feldspars shifts from tetrahedral 
coordination to octahedral coordination which is found in 
aluminosilicates and oxides. In the soil environment, 
aluminum also exists as oxyhydroxides and polymeric complexes 
of oxyhydroxides, oxides, and interlayered material in 
expandable 2:1 phyllosilicates. 
In general, aluminum minerals are relatively insoluble at 
the pH range (4.5 to 8.2) normally encountered in soils 
(Barshad, 1964). The complexing ability of soil organic 
matter and its effect on aluminum solubility has been widely 
recognized by the inclusion of aluminum criteria in the spodic 
horizon definition (Soil Survey Staff, 1975). Forms of "free 
aluminum" extracted by citrate-bicarbonate-dithionite (CBD), 
sodium pyrophosphate and acid ammonium oxalate may include 
aluminum presumably related to iron oxides, silicates and 
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organic matter (Allen and Fanning, 1983). Manu (1984) studied 
both dithionite- and oxalate-extractable A1 (Al^^) in Iowa 
soils, and found a constant depth distribution of Al^ and 
almost constant ratios of Al^/Al^, for fifteen surface soils. 
He postulated that the negligible effect of organic matter on 
crystallization of aluminum oxides resulted in the observed 
depth functions for Aly. 
Iron content in soils typically ranges from « 7 to 42 g/kg 
with the highest amounts ranging from « 140 to 560 g/kg for 
strongly weathered soils (Jackson, 1964). Iron minerals tend 
to be concentrated in soil profiles during weathering, and the 
forms and depth functions have been frequently studied for 
assessing pedogenesis. Dominant mineral forms include 
goethite (alpha-FeOOH; yellowish-brown to dark brown), 
hematite (FegO^; bright red (5R-2.5YR hues)), lepidocrocite 
(gamma-FeOOH; orange (5YR-7.5YR hues)) and poorly-crystalline 
ferrihydrite (FegHOg-HgO) which is the postulated precursor of 
hematite (Allen and Fanning, 1983; Schwertmann, 1985). 
Aluminum substitution in the octahedral position of iron 
oxides has been widely recognized. Recent investigations 
suggest that greater than « 5 mole % A1 may retard goethite 
and hematite formation, and decreasing amounts of A1 in 
alkaline environments may favor conversion of ferrihydrite to 
goethite over hematite (Schwertmann, 1985). 
Soil manganese content typically averages 1,000 ^.g/g and 
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ranges from 20 to 10,000 /xg/g (Bowen, 1979). Sedimentary 
rocks frequently contain Mn because it substitutes for Ca, Mg, 
and Fe*^ due to its similar ionic size. Average Mn 
concentrations for sedimentary rocks range from 460 /xg/g in 
sandstones to 620 ng/g in limestones to 850 /xg/g in shales 
(Adriano, 1986). Manganese-oxide minerals occur in a variety 
of forms and also commonly exist as concretions. Manganese is 
more easily chemically reduced to soluble Mn*^ at a higher 
oxidation-reduction potential (for a given pH) than Fe*^ 
reduction to Fe*^ (Allen and Fanning, 1983). Manganese 
minerals may add dark brown to black coloration to soils, and 
have occasionally been mistaken for organic matter in some 
horizons. The various oxidation states of Mn complicate the 
mineralogy and chemistry of this element in soils and 
sediments. 
The objectives of this study were to: (i) determine the 
composition of total and extractable Fe, Al, and Mn for the 
loessial soils and paleosols, (ii) assess the degree of 
weathering based on elemental composition among the loessial 
and paleosolic profiles along the hillslope traverse, and 
(iii) use elemental composition data to aid in identification 
of soil stratigraphie units such as the basal loess paleosol 
formed in Wisconsihan loess. 
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MATERIALS AND METHODS 
Study Location 
The hillslope traverse was sampled in northeast Allamakee 
County, Iowa approximately 10 km west of the Mississippi River 
(Section I, Figure 1). The traverse was located north of the 
Upper Iowa River and west of the Irish Hollow Creek watershed 
along the loess-mantled, bedrock-controlled uplands. The 
Paleozoic sedimentary bedrock exposed along the uplands near 
the Upper Iowa River is predominantly Ordovician in age 
(Hallberg et al., 1984). The Oneota Formation is an early 
Ordovician dolomite which is capped by the Shakopee Formation. 
The Shakopee Formation consists of two members - New Richmond 
Sandstone and Willow River Dolomite. Gradational changes from 
sandstone to dolomitic sandstone to dolomite occur within the 
Shakopee Formation. Isolated outcrops of the middle Ordovician 
St. Peter Formation, a very pure, mature quartz sandstone, lie 
unconformably above the Shakopee Formation. 
Sampling Methodology 
Four soil profiles were excavated by back-hoe for 
description, sampling and laboratory characterization by the 
National Soil Survey Laboratory, in conjunction with the 
Allamakee County Soil Survey program. The soils were sampled 
as the Southridge (fine-silty-over-clayey, mixed, mesic Typic 
Paleudalfs) and Rollingstone (fine, mixed, mesic Typic 
Paleudalfs) series with each series sampled twice in this 
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area. Additional, deeper soil cores were collected as 
reconnaissance samples with a trailer-mounted Giddings 
hydraulic coring rig in October, 1987. During August, 1988, 
deep cores (3 to 10 m) were obtained with a truck-mounted 
Giddings unit to interconnect the 1987 reconnaissance samples. 
Detailed morphological descriptions for each site were 
prepared (see Appendix A) according to standard soil 
description terminology (Soil Survey Staff, 1981). Soil 
samples were air-dried and gently-crushed by mortar and pestle 
to pass a <2-mm sieve. Care was taken to avoid crushing 
weakly-cemented, weathered sedimentary rocks, but, 
undoubtedly, some rocks were ground with this procedure. 
Additional subsamples of the <2-mm material were ground to 
pass a 100-mesh sieve in a mechanically-driven agate mortar 
and pestle. 
Laboratory Analvses 
Soil reaction or pH was determined on a 1:1 soil/water 
suspension using a Fisher pH meter and combination glass 
electrode (Soil Survey Staff, 1984). Total carbon was 
measured on the <100-mesh samples by dry combustion using a 
LECO CHN-600 elemental analyzer (Nelson and Sommers, 1982). 
Particle size distribution of the <2-mm samples was 
measured by the pipette method after pretreatment for organic 
matter with 30% HjOj, dispersion with sodium hexametaphosphate, 
and shaking on a reciprocating shaker overnight (Walter et 
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al., 1978). Fine clay (<0.2/iin) was determined by 
centrifugation of the pipetted suspension followed by an 
additional pipetting (Soil Survey Staff, 1984) . 
Extractable metals (Fe, Al, Mn) for selected <2-mm samples 
were determined by the citrate-bicarbonate-dithionite (CBD) 
method (Mehra and Jackson, 1960) and the acid-ammonium-oxalate 
(pH=3.2) method (Soil Survey Staff, 1972). Iron and Mn were 
measured by atomic absorption spectrophotometry (AAS) on a 
Perkin-Elmer Model 560 atomic absorption spectrophotometer 
with an air-acetylene flame, and Al was measured by AAS using 
a nitrous oxide-acetylene flame. 
Acid digestion by HF of <100-mesh samples in pressure 
digestion bombs was used for determination of total Fe, Mn, 
and Al in selected samples (Bernas, 1968; Buckley and 
Cranston, 1971). Total Fe and Mn were measured by AAS using 
an air-acetylene flame, and total Al was measured by AAS using 
the nitrous oxide-acetylene flame. 
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RESULTS AND DISCUSSION 
CBD-extractable and Total Aluminum 
The total aluminum (Al^) content for the loessial soils 
studied along the hillslope ranges from « 40 to 65 g/kg (see 
Appendix C). Several loessial profiles (stops 87-4, 88-5, 87-
5) had Al( and clay maxima which coincided. The loessial 
soils all commonly showed a small increase in subsoil Al^ 
relative to the surface Ap or near-surface E or BE horizons. 
The subsoil Alj maxima, which was not an extremely large 
increase, occurred either in the Bt or BCt horizons. 
Nevertheless, this trend of a relative increase with depth 
suggests limited weathering of primary minerals with clay 
formation and translocation resulting in an increase in 
subsoil Alj. 
The CBD-extractable aluminum (Al^) content for the 
loessial soils ranged from « 0.4 to 1.0 g/kg (see Appendix C). 
These depth functions also displayed Al^ maxima which 
coincided with the clay maxima for each profile. These depth 
distributions exhibited a relative increase from the surface 
or near-surface horizons into the Bt horizons, thus supporting 
the hypothesis of weathering and translocation with the clay 
fraction into the argillic horizons. Also, soils with thicker 
sola formed entirely in loess such as the Fayette soils, 
showed evidence of decreasing degree of development with depth 
as the Alj depth function reached a minimum in the C horizons. 
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However, the Southridge soil (88-5) had an Aly distribution 
which did not decrease with depth as the modern argillic 
horizon was pedologically-welded to the clayey paleo-argillic 
horizon (Figure 1). 
Total aluminum depth functions for the paleosols in this 
study demonstrate the distinct contrasts in the composition of 
the paleosols and their respective parent materials relative 
to the modern-day loessial ground soils. Paleosol horizons 
have Alj contents which range from a minimum of « 20 g/kg to a 
maximum of 132 g/kg (see Appendix C). This broad Al^ range 
indicates strong heterogeneity in the composition of the 
paleosols which can, in turn, be related to both pedogenic and 
lithogenic factors. Total aluminum maxima commonly coincided 
with paleosol clay maxima. This relationship suggests that 
weathering of primary minerals in the paleosols released A1 
which was then incorporated into secondary minerals such as 
aluminosilicates, and oxides and oxyhydroxides of iron, 
aluminum, and manganese. The predominance of quartz 
(essentially SiOg) in the sand fractions and the minimal 
amounts of silt-sized weatherable minerals shown by the 
particle size data for the paleosols adds further support to 
the weathering interpretation. 
The Alj depth functions also suggest marked differences in 
parent materials as discussed previously in Section II. 
Paleosol horizons interpretated as formed from thin shale 
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Figure 1. CBD-extractable and total aluminum for stop 5 (88) 
Burzneister's Ridge 
90 
stringers or erosional sediments dominated by shales 
frequently had low Al^ content such as the Al^ minimum of 34 
g/kg in stop 88-7 at the 340 cm depth (Figure 2). Also, sandy 
strata such as the 5Btb7-8, SBCtb and 5Crtb horizons (« 350 to 
500 cm depth) in stop 87-4 (Figure 3) and weathered sandstone 
fragments typically had very low Al^ content. Jackson (p.78, 
1964) discussed the average elemental composition of 
sedimentary rocks, and showed that Al^ content decreased in 
the following order: shales > sandstones > limestones. 
However, for the hillslope studied in Allamakee County, 
translocation of aluminosilicate clays tended to affect this 
relationship by increasing the Al^ amounts through pedogenic 
overprinting. For example, at stop 88-5, the 4Btb3 horizon 
(140 cm depth, 74% clay) had « 122 g/kg Al^ while the 4Btb4 
(165 cm depth, 60% clay) had « 99 g/kg Al^ (Figure 1) . 
The depth distributions for Alj provide information 
related to the degree of profile development within and among 
the paleosols. Blume and Schwertmann (1969) state that the 
quantity of "free aluminum oxides" can be estimated by the 
dithionite-extractable content. However, the forms of A1 
obtained with this extractant have not been specifically 
identified, but most likely include a portion of the non­
crystalline as well as the crystalline oxide forms. 
Paleosolic Aly content ranges from « 0.5 to 5 g/kg (see 
Appendix C). The Aly depth functions typically parallel the 
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Figure 2. CBD-extractable and total aluminum for stop 7 (88) 
Meyer's Field 
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STOP 4 (87): BURMEISTER'S RIDGE 
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Figure 3. CBD-extractable and total aluminum for stop 4 (87) 
Burmeister's Ridge 
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Al^ and clay depth distributions. 
Variations of the Alj contents with depth for the 
paleosols suggest both residual accumulation from weathering 
processes and changes in parent material lithology. 
Additional complications for interpreting these data result 
from incorporation of A1 weathering products into 
aluminosilicate clays and translocation across lithologie 
boundaries. The residual accumulation hypothesis may be 
supported by the Al^ depth distribution between the 300 and 
450 cm depth for the upper Pre-Wisconsinan paleosol at stop 
88-1 (Figure 4) . For this paleosol, Alj reaches a maximum of 
0.5 g/kg (» 325 cm depth) in the 3Btbl horizon compared to a 
minimum of 0.1-0.2 g/kg (« 425 cm depth) for the 3BCb horizon. 
This example was used primarily because the paleosol has the 
least amount of parent material heterogeneity relative to 
others found along the hillslope (see Sections I and II). 
Additional examples for residual accumulation might be the Aly 
distribution within the 7Btb7 and 7BCtb horizons (740-850 cm) 
at stop 88-1 (Figure 4), and the 2Btb's and 2BCtb horizons 
(340-426 cm) at stop 87-3 (Figure 5). However, all of these 
examples had evidence of clay translocation, as supported by 
observations of clay coatings and fine clay depth functions, 
and this factor may confound the interpretation. 
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96 
CBD-extractable. oxalate-extractable and total iron 
Dithionite-extractable Fe has commonly been equated with 
the crystalline iron oxides while oxalate-extractable iron 
estimates the amount of poorly-crystalline or "amorphous" iron 
oxides (Blume and Schwertmann, 1969). These extractants only 
provide an estimate of the various iron oxide components 
which, in reality, exist as part of a gradational sequence. 
Therefore, comparisons made with these extractable forms can 
only be used to assess changes in the relative amounts 
resulting from pedogenesis (Schwertmann, 1973). 
The depth distributions of Fe^ and clay content show 
strong relationships for both the loessial and paleosol 
sections of the profiles. These relationships suggest that 
the clay fraction is the dominant size fraction for the 
crystalline iron oxides such as goethite and hematite. Also, 
the Fey fraction may exist both as coatings on aluminosilicate 
clay minerals and as sand- and silt-size concretions. For the 
loessial soils, nearly constant Feyclay ratios support the 
hypothesis of comigration of iron oxides and clays during the 
eluviation-illuviation process (Blume and Schwertmann, 1969). 
Frolking (1989) reached a similar conclusion for 12 Fayette 
profiles formed in loess or silty colluvium on slopes ranging 
from 2 to 55% in southwest Wisconsin. Paleosolic Feyclay 
ratios were more erratic because of parent material 
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variations, segregation of iron oxides into secondary 
concretions and pedogenic overprinting by several cycles of 
clay translocation. However, examples of nearly-constant 
Fey/clay ratios for uniform sections of paleo-argillic 
horizons included the 2Btb horizons in stop 87-3 (Figure 6), 
3Btbl and 3Btb2 horizons in stop 87-4 (Figure 7) and 3Btb2, 
4Btb3, and 4Btb4 horizons in stop 88-5 (Figure 8). These 
examples may also support the comigration hypothesis stated 
earlier. 
The oxalate-extractable iron (Fe^), which estimates the 
non-crystalline, predominantly pedogenic iron oxides, may 
provide a more useful assessment of pedogenesis in soils and 
paleosols in which parent material heterogeneity dominates 
(Blume and Schwertnann, 1969). This relationship is 
especially useful for soils formed from parent materials in 
which the initial Fe^ content is very low. For the loéssial 
soils near the Irish Hollow Creek watershed, the depth 
function in all profiles displays a surface level of « 2-3 
g/kg Fe^ which then increases to a maximum of « 4-5 g/kg Fe^ in 
the E, BE or upper Bt horizons (for example, see Figure 14). 
This finding suggests maximum accumulation of non-crystalline 
weathering products occurs at the interface near the top of 
the argillic horizon. Also, the Fe^ depth function decreases 
to a minimum of « 1-2 g/kg Fe^ in the unweathered, unleached C 
horizons. The Southridge soil at stop 88-5 (Figure 9) 
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Figure 6. CBD-extractable iron and clay content for stop 
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Figure 7. CBD-extractable iron and clay content for stop 4 
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Figure 8. CBD-extractable iron and clay content for stop 5 
(88): Burmeister's Ridge 
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Figure 9. CBD-extractable manganese and oxalate iron for stop 
5 (88): Burmeister's Ridge 
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exhibits a slightly different Fe^ depth function with a 
subsoil maximum (4.2 g/kg at 56 cm depth) in the lower half of 
the Bt2 horizon. Interestingly, the depth to Fe^ maxima 
occurs in a narrow depth range from « 40 to 60 cm for all 
profiles, with the exception of stop 87-5. The Fayette soil 
at stop 87-5 (Figure 10) has a Fe^ maximum at 24 cm and the 
measured value of 3.2 g/kg Fe^ is slightly below the 4-5 g/kg 
range in Fe^ for the other loessial soils. This difference in 
depth to the Fe^ maximum may indicate that post-settlement 
erosion following clearing and cultivation of this site has 
reduced the total loess thickness at this landscape position. 
Frolking (1989) postulated that forest cover enhanced 
infiltration, vertical water percolation and water retention, 
thereby stabilizing soil development and promoting nearly 
uniform pedogenesis on widely-varying slopes. 
Paleosolic Fe^ content frequently was lower than for the 
loessial soils. The Fe^ composition for most of the paleosol 
horizons ranged from » 0.5 to 4 g/kg. For stop 88-7, the 
5Btb5 horizon (374 cm depth) had a distinctive accumulation of 
both Fe^ (9.9 g/kg) and Fe^ (89 g/kg) (Figs. 11, 12). This 
horizon of accumulation appears to have resulted from 
deposition of translocated clays and iron oxides because 
common, distinct, continuous clay coatings were also present 
at this depth (see Appendix A). The other paleosol horizons 
at stop 88-7 have a fairly narrow range of Fe^ from « 2 to 4 
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Figure 10. CBD-extractable manganese and oxalate iron for 
stop 5 (87); Burmeister's Ridge 
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Figure 11. CBD-extractable manganese and oxalate iron for 
stop 7 (88): Meyer's Field 
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Figure 12. CBD-extractable iron and clay content for stop 
(88): Meyer's Field 
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g/kg (Figure 11). The Pre-Wisconsinan paleosols present below 
the loess at stop 88-1 have very low amounts (<0.4 g/kg) of 
Fe^ in the upper, gray paleosol with increasing amounts (range 
« 0.5 to 3.4 g/kg) in the deeper, red paleosol as was 
discussed in Section I. This variation probably resulted from 
differences in weathering and in the initial iron content with 
the upper paleosol having a much lower amount in the parent 
material. 
The occurrence of an increased Fe^ content in connection 
with the presence of the basal loess paleosol at stops 88-1 
and 87-4, and possibly 87-3 is a hypothesis which should 
warrant additional study. Identification of buried A horizons 
is commonly identified with a darker-colored zone which has 
been equated to residual organic carbon (Ruhe, 1969; Ruhe and 
Fenton, 1969). However, measurements to identify a 
substantial increase in organic carbon for buried soils in 
well-drained landscape positions are not particularly useful 
because of the presumed oxidation of this buried organic 
material (Ruhe et al., 1971). Incipient weathering associated 
with a weakly-developed basal soil should be indicated by a 
surface or near-surface accumulation of non-crystalline 
materials such as Fe*. The degree of iron oxide 
crystallization has been shown to be retarded in the presence 
of organic matter, thereby resulting in the accumulation of 
non-crystalline iron oxides as shown by Fe^/Fe^ ratios 
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(Schwertmann, 1985). This phenomenon may also be detectable 
from increased Fe^Fe^ ratios, which have commonly been called 
active ratios. For example, the FeyFe^ depth function for 
stop 87-4 shows a measureable increase in Fe^ content relative 
to Fey content which coincides with the position of the basal 
loess paleosol (Figure 13). The basal loess paleosol at stop 
88-1 has increased Fe^ content but the active ratio does not 
change notably. However, complicating factors such as 
erosion, pedogenic overprinting and diagenesis may affect the 
interpretation of this analysis. 
Additional information related to identifying buried A 
horizons may be obtained by examination of the depth functions 
of manganese. For this study, the use of the Mn^ depth 
distributions has previously been shown to correspond to the 
darkened zone tentatively correlated as the basal loess 
paleosol (Farmdale Soil ?) at stop 88-1 (see Section I.). 
Examination of the basal loess paleosol region for stop 87-4 ( 
« 224 cm depth) in Figure 14 also shows increased Mn^ (» 360 
^g/g) relative to the superjacent calcareous loess (« 200 
ug/g) and the subjacent paleo-argillic horizons (» 100-200 
jiig/g). Identification of an Ab horizon at stop 87-3 is more 
tenuous because the periglacial(?) involution has mixed 
calcareous loess with the upper portions of the paleosol. 
However, above the involution, there was increased Mn^ (« 850 
Mg/g) for the C3 horizon in the loess which may suggest a 
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former Ab horizon. The profile at stop 88-4, located between 
stops 87-3 and 87-4, displays an increased Mn^ content (« 775 
Mg/g) near the base of the C horizon (« 171 cm depth) relative 
to the overlying loess (« 500 jug/g) and the trace Mn^ amounts 
(<100 tiq/q) found in the underlying paleosol (see Appendix C). 
The use of the Fe^Fe^ or the active ratio was previously 
discussed as a means of tentatively identifying Ab horizons, 
and for assessment of the relative amount of crystallization 
of free iron oxides within homogeneous parent materials. 
Also, for soils and paleosols formed from heterogeneous 
materials, the Fe^ composition may be more meaningful for 
interpreting pedological effects. In addition to these 
quantities, ratios of FeyFe^ and Fe^/Fe^ have been found to 
characterize the degree of free iron oxide crystallization and 
therefore, weathering (Schwertmann, 1985). For the hillslope 
studied along the uplands adjacent to the Irish Hollow Creek 
Watershed, all loessial soils exhibited decreasing active 
ratios from the surface horizons into the C horizons. The 
paleosolic FeyFe^ ratios were <0.1 which suggests dominantly 
crystalline free iron oxides. Further evidence for more 
intensively weathered paleosolic materials can be shown by the 
ratios of FeyFe^ and Fe^/Fe^ which typically were <2 for the 
former and ranged from « 5 to 10 for the latter. These data 
indicate that greater than 50% of the iron oxides were 
crystalline while less than 20% were non-crystalline. 
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SECTION IV. MINERALOGICAL COMPOSITION OF CLAYEY PALEOSOLS AND 
ASSOCIATED UPLAND SOILS 
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ABSTRACT 
The clayey textures and reddish hues of buried and exhumed 
paleosols along the uplands of northeast Iowa near the Upper 
Iowa River suggest intensive weathering of both soils and 
sediments. This study examined the clay mineralogy and iron 
oxide composition of soils formed in loess and clayey 
sediments, and a buried, clayey paleosol. The clay mineralogy 
of the loessial soils and paleosols did not vary appreciably 
in types of clay minerals determined using standard 
qualitative XRD techniques. Clay minerals identified by XRD 
for the Southridge (fine-silty over clayey, mixed, mesic Typic 
Paleudalfs) and Rollingstone (fine, mixed, mesic Typic 
Paleudalfs) soils included smectite, smectite-mica, mica, 
vermiculite, and kaolinite. It was postulated that weathering 
of mica produces mixed-layer smectite-mica, smectite and, 
possibly, hydroxy-interlayered vermiculite. Kaolinite 
originates from both allogenic and authigenic processes. 
Clay-sized minerals of goethite, quartz, calcite, and dolomite 
were distinguished in some soil horizons. Selected horizons 
for the Pre-Illinoian paleosol (stop 87-3) also contained the 
above clay minerals. However, clay-size quartz, calcite, and 
dolomite were not identified in the paleosol samples. Also, 
hydroxy-inter1ayered vermiculite was tentatively identified in 
only one buried paleosol sample which corresponds to the upper 
clayey zone of the periglacial(?) involution. In addition to 
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the hypothesis of pedogenic origin for the clay minerals, any 
of the previously-identified clay minerals could have been 
inherited from the soil parent materials. Overall, the most 
dramatic difference in mineralogy among the loessial soils and 
paleosols was related to the iron oxide mineralogy. 
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INTRODUCTION 
The increasing degree of redness and the clayey textures 
of the buried and exhumed paleosols located in the uplands of 
the Paleozoic Plateau suggest more intensive weathering of the 
paleosols relative to the overlying loessial soils. The 
reddening of soil horizons or rubification (Buol et al., 1980) 
relates primarily to the iron oxide content, and is strongly 
correlated with the amount of hematite (Torrent et al.,1980; 
1984). Soil color may indicate iron oxide composition with 
hues of lOYR or yellower resulting from goethite while 
rubified soils (hues of 7.5YR or redder) indicate increasing 
hematite content (Schwertmann et al., 1982). The process of 
rubification is intermediate between braunification and 
ferrugination (Buol et al., 1980). The increased degree of 
weathering of primary minerals with the subsequent 
crystallization of clay minerals and free iron oxides appears 
to be partially a function of climate. Various workers have 
hypothesized that hematite formation resulted from current- or 
paleo-climate sub-tropical to tropical conditions with 
distinctive dry periods. However, recent laboratory and field 
studies of soils and iron oxide mineral composition suggest 
that additional determinants described as lithogenic factors 
(e.g., amount and forms of Fe-bearing minerals), micro­
climatic factors such as soil temperature and moisture, and 
pedogenic factors such as soil acidity and aluminum content, 
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and organic matter content may partially control iron oxide 
composition (Schwertmann, 1985). 
Previous investigations of "terra rossa" soils formed in 
association with limestone or dolomite sedimentary bedrock 
have postulated the origin of the red clays from the following 
diverse sources: carbonate dissolution or residuum (Bronger et 
al., 1983 and others), illuviation of fine clays (Frolking et 
al., 1983), and eolian (Ballagh and Runge, 1970) and fluvial-
colluvial processes (Olson et al., 1980). Olson et al. (1980) 
demonstrated that erosional sediments (pedisediments) derived 
from upslope clastic sedimentary rocks had accumulated on 
pediments over limestone and subsequently weathered to clayey 
sediments. Ballagh and Runge (1970) proposed a mechanism for 
clay-enriched horizons in which illuvial fine clays from 
superjacent loess were concentrated and flocculated at the 
calcium-rich zone above calcareous outwash and limestones in 
Illinois (Beta horizon process). Frolking et al. (1983) 
studied red clays in the "Driftless Area" of southwest 
Wisconsin, and postulated that volumetric replacement by 
illuviation of fine clays into dolomite supplied the majority 
of clay. In contrast to the fractured, smooth-sided sand 
grains of the loess, sand grain morphology for the clayey 
zones indicated that microcrystalline (chert) aggregates and 
euhedral, very fine and fine sand were common to both the 
dolomite and red clays, thus supporting a dolomitic source for 
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sand and silt fractions. Bronger et al. (1983) studied 
rubified materials from central Europe (Slovakia) and 
described minimal evidence of primary and clay mineral 
weathering for terra rossa. The lack of weathering suggested 
that high clay contents were inherited from the clayey parent 
rocks. However, one sample displayed weathering of feldspars 
and phyllosilicates resulting in the formation of illite and 
kaolinite. 
Soils formed in Wisconsinan loess or silty sediments over 
red, clayey exhumed paleosols along the uplands of northeast 
Iowa occur in close proximity to Paleozoic limestone-dolomite 
sedimentary rocks. In addition to the previously-described 
mechanisms for red, clayey horizons, the existence of Pre-
Illinoian glacial tills and till-derived erosional sediments 
in northeast Iowa may have supplied weatherable minerals for 
enrichment of clays and iron oxides. The complex geomorphic 
history of the Paleozoic Plateau relates to differential 
weathering and erosion of sedimentary rocks, and to various 
cycles of erosion and deposition of Pleistocene-age sediments, 
and soil formation during the Quaternary (Hallberg et al., 
1984). The scarcity of information with regard to the upland 
sediments and stratigraphy below the silty surficial soil 
mantle suggests the need to more-closely examine this area. 
The objectives of this study were to: (i) examine the clay 
mineralogy and iron oxide composition of soils formed in loess 
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or silty sediments over red, clayey sediments, (ii) evaluate 
pedogenesis of the upland soils relative to clay mineral 
weathering and sedimentary models, and (iii) assess the 
mineralogical composition of a buried Pre-Illinoian paleosol 
formed primarily in glacial till or till-derived erosional 
sediments. 
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MATERIALS AND METHODS 
Information describing the study locations, sampling 
methodology, and standard soil characterization procedures was 
presented in Sections I - III. 
National Soil Survey Laboratory soil characterization 
methods (in parentheses) for the sites sampled from backhoe-
excavated soil pits during 1986 were particle size 
distribution (3A1), soil reaction or pH (8C1F), dithionite-
citrate Fe and A1 (6C2B, 6G7A), clay mineralogy (7A2i), and 
total Fe for the clay fraction (7C3) (Soil Survey Staff, 
1984). 
Clav mineralocrv 
The clay mineralogy of selected samples from the paleosols 
at stop 87-3 was determined using the following methodology. 
This methodology employs limited chemical pretreatments in an 
effort to minimize the possibility of mineralogical "artifact" 
generation such as hydroxy-interlayering. 
Soil samples (« 10 g) of the air-dried <2-mm fraction were 
placed in pyrex bottles and « 150 ml of deionized-distilled 
(D&D) water added to each bottle and the bottles were 
stoppered. Physical dispersion of the sample was achieved by 
shaking overnight on a reciprocating shaker. Removal of 
organic matter by peroxide oxidation was not effected because 
of the low amounts contained in the buried paleosols. The 
sand fraction (2-0.5 mm) was separated from the suspension by 
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wet sieving, and the remaining silt and clay fractions diluted 
with D&D water to » 6 1 in a 8 1 narrow-mouth plastic bottle. 
The clay {<2.0 /i) fraction was then collected following 
sedimentation of the silt fraction, with siphoning of the 
suspended clays into plastic buckets. Clays were subsequently 
concentrated by flocculation with 0.5 M MgClg and the 
supernatent discarded. The Mg-saturated clay fraction was 
then divided into two subsamples, and the second subsample was 
K-saturated with 1 M KCl. Removal of excess salts was 
accomplished by successive washings with D&D water, 50% CH3OH, 
95% CH3OH, and acetone, followed by repeated centrifugation (« 
3,000 rpm) and décantation of the supernatents. A 0.1 M AgNOj 
solution was used to visually test for chloride. Potassium-
saturated clay samples frequently required high-speed 
centrifugation (« 10,000 rpm) to promote flocculation during 
the final washing step. Low-angle interference caused by 
sesquioxides with the preferred orientation of clays was 
reduced by extraction of the clay subsample with citrate-
bicarbonate-dithionite (pH=7.0) and resaturation with MgClg 
(Mehra and Jackson, 1960). 
Identification of clay minerals was based on changes in 
clay lattice d-spacing as determined by X-ray diffraction 
following a series of standard pretreatments. Magnesium- and 
K-saturated clay slurries were oriented on ceramic tiles by 
vacuum suction. Mg-saturated tile mounts (Mg 54) were stored 
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in a vacuum dessicator maintained at 54% relative humidity 
with saturated MgNOj for at least 24 hours. Glycolation of 
Mg-saturated tile mounts (Mg EG) was accomplished using a 50% 
ethylene glycol-water mix which was spray-misted over the 
tiles. Glycolated tiles were equilibrated for at least 24 
hours in a dessicator over liquid ethylene glycol. Both Mg 
pretreated samples were X-rayed in an atmosphere of 54% 
relative humidity. K-saturated clay tile mounts (K 25, K 350, 
K 550) were analyzed in a dessicated atmosphere for the 
following heat treatments: 25°C., 350°C. and 550°C. X-ray 
diffraction scans were normally run from 2° to 32° 26. 
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RESULTS AND DISCUSSION 
Iron oxide mineralogy 
The increasing redness of the hues (shifts from 10YR to 
7.5YR to 5YR to 2.5YR) for the various paleosols located along 
the hillslope traverse indicates the morphological domination 
of iron oxides in the exhumed and buried paleosols. The 
presence of clay-sized goethite was detected by XRD (0.415-418 
nm peak for K 25 treatments with no detectable peak after the 
CBD-treatment) for the buried strong brown {7.5YR 5/6) to 
reddish yellow (7.5YR 6/8) paleosol horizons below the 
Wisconsinan loess. Also, goethite was distinguished for the 
yellowish red (5YR 4/6) 3Bt4 and strong brown (7.5YR 5/6) to 
yellowish red (5YR 4/6) 6Cr horizons of the Southridge soil 
(stop 86-10) along Burmeister's Ridge. Goethite detection by 
XRD agrees with Fe^ and Fe^ data which indicate that a large 
component of the Fe occurs as crystalline iron oxides (see 
Section III). Lepidocrocite, a frequently-occurring orange 
colored (7.5YR) polymorph of goethite, was identified in the 
Bt3 horizon (74 cm) for the Southridge soil (stop 86-8). This 
iron oxide is normally found in poorly-drained, non-calcareous 
soils (Schwertmann, 1985). Its existence in this horizon 
suggests either current or relict reducing soil conditions in 
which the soil water did not drain readily from this portion 
of the summit. 
The redness of the paleosol horizons also suggests the 
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existence of hematite in the paleosols. Hematite, normally 
formed under well-drained, higher soil temperature conditions, 
has a strong pigmenting effect on soils (Schwertmann, 1985). 
The amount of redness, determined by either Munsell notation 
or with spectrophotometry, has been positively correlated with 
the hematite content (Torrent et al., 1980, 1984). The 
identification of macro-crystalline, euhedral goethite and 
hematite was previously discussed in relation to the 
hypothesis of a residual, red (2.5YR 4/4) sequence of Pre-
Wisconsinan paleo-argillic horizons at stop 88-1 (see Section 
I). Efforts to distinguish goethite and hematite by XRD 
powder analysis of CBD-treated and untreated clay samples in a 
similar manner to the procedure outlined by Bronger et al. 
(1983) were not successful. The hypothesis that increasing 
redness is a function of increasing hematite concentration 
needs further research. 
Clav mineralogy 
The composition and mineralogy of a Southridge soil 
sampled along Burmeister's Ridge (stop 86-10) were described 
in Table 1. The upper two silty horizons contain more sand 
than is commonly present in the Wisconsinan loess along this 
ridge. This higher sand content indicates that the silty 
surficial material has been enriched in fine sand (data not 
shown). Also, the occurrence of multiple stone lines in this 
profile suggests several cycles of erosion and deposition. 
Table 1. Soil characterization data for the Southridge soil 
at stop 86-10 (Burmeister's Ridge) 
Horizon Mdpt& Sand Silt Clay Soil Fed Aid Clay Mineralogy^ Fet^ 
(cm) — — — — — PH (g/kg) MT MI MM VR KK GE QZ DL CA (g/kg) 
Ap 13 20 61 19 6.7 9 1 2d 2 3 2 1 44 
Btl 31 25 47 28 7.1 13 1 
2Bt2 43 41 32 27 7.1 13 2 3 2 2 2 1 60 
2Bt3 59 58 16 26 7.1 11 1 
3Bt4 79 30 13 57 6.0 24 3 3 2 2 3 11 56 
3Bt5 98 52 13 35 7.3 14 1 
4R 118 nd® nd nd 9.1 1 — 1 3 1 10 
5Cr 135 60 5 35 8.0 24 2 
6Cr 150 77 3 20 7.6 17 1 2 2 2 3 2 70 
6R 163 nd nd nd 8.6 1 tr^ 
I 
^Horizon midpoint depth. 
^Mineral identification: MT=montinorillonite, MI=mica, MM=sinectite-mica, 
VR=venniculite, KK=kaolinite, GE=goethite, QZ=quartz, DL=dolomite, CA=calcite. 
^Total iron content for the total clay (<2.0/i) fraction. 
^Relative peak size: 3=medium, 2=small, l=very small. ®Not determined. ^Trace. 
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The existence of multiple parent materials confounds the 
weathering sequence interpretation for this soil. 
Consequently, the variation in clay mineral types with depth 
results primarily from sedimentological and lithological 
variations. The Ap horizon contains vermiculite which was not 
identified in the other Ap horizons for the sampled pedons. 
The vermiculite may have formed from mica weathering, 
especially since it occurs in the near-surface zone of maximum 
weathering. Alternatively, vermiculite has been shown to 
occur in loess, and this occurrence suggests a non-pedogenic 
source (Buol et al., 1980). Kaolinite, present in the mollic 
epipedon and the argillic horizon, and the 6Cr horizon, may 
have originated by both authigenic and allogenic pathways. 
The identification of a mixed-layer clay, smectite-mica, and 
smectite (named montmorillonite in Tables 1-3) in the argillic 
horizon suggests weathering and translocation, shown by fine 
and total clay depth functions and observation of clay 
coatings, of these mineral components. 
The Southridge soil (86-8), located on the summit adjacent 
to Irish Hollow Creek, has a total loess thickness of » 89 cm 
with a pedoturbated zone from 69 to 89 cm. The pedoturbated 
zone was separated from the loess because it contains less 
than 10% coarse (> 2-mm) fragments. Clay mineralogy data 
(Table 2) for the loess suggests minimal weathering of mica 
possibly to either vermiculite or smectite. Pedogenic 
Table 2. Soil characterization data for the Southridge soil 
at stop 86-8 (Irish Hollow Creek watershed) 
Horizon Mdpt^ Sand Silt Clay Soil Fed Aid Clay Mineralogy^ Fet° 
(cm) — — — — — — —  pH (g/kg) MT MI MM VR KK GE QZ DL LE (9/kg) 
Ap 8 5 78 17 5.1 8 1 2^ 2 2 3 1 46 
BEI 20 5 77 18 5.7 9 1 
BE2 28 5 71 24 6.1 11 1 
Btl 43 5 67 28 5.8 13 1 3 3 2 3 1 62 
Bt2 61 5 63 32 5.4 15 2 
Bt3 74 5 64 31 5.6 17 2 3 2 2 2 1 1 64 
Bt4 84 5 59 36 5.8 19 2 
2Bt5 106 15 19 66 6.5 37 3 3 1 2 2 1 70 
2Bt6 127 20 22 58 7.5 38 3 
2C 145 37 14 49 8.0 38 2 
I : 
^Horizon midpoint depth. 
^Mineral identification: MT=montmorillonite, MI=mica, MM=siaectite-iaica, 
VR=ventiiculite, KK=kaolinite, GE=goethite, QZ=quartz, DL=dolomite, LE=lepidocrocite. 
^Total iron content for the total clay (<2.0/i) fraction. 
^Relative peak size; 3=mediuin, 2=small, l=very small. 
130 
alteration and translocation of the mineral fraction is 
supported by the increased levels of Fe^ and clay in the Bt 
horizons relative to the Ap and BEI horizons, and the illuvial 
nature of the total and fine clay depth functions. Also, the 
ratio of total Fe in the clay fraction (Fe^^) to the amount of 
clay decreases from 2.71 for the Ap horizon to 2.21 for the 
Btl horizon to 2.06 for the Bt3 horizon. This ratio suggests 
concentration of Fe within the clay fraction by weathering. 
However, the decreased ratio for the Bt3 horizon may partially 
result from incorporation by pedoturbation of previously 
weathered material from the exhumed paleo-argillic horizon. 
The increased clay (66%), increased Fe^ (37 g/kg) and Aly (3 
g/kg) contents for the 2Bt5 horizon support a more intensively 
weathered horizon relative to the loessial argillic horizon. 
The Rollingstone soil (86-9) sampled on a 25% backslope 
has silty surficial sediments for « 33 cm. However, the 
presence of coarse fragments and the steeply-sloping landscape 
position indicate that the parent materials are, in part, 
colluvial in origin. Clay mineralogy data (Table 3) of the E2 
and 2Bt2 horizons shows vermiculite which may have weathered 
from mica or been inherited from the parent materials. The E2 
horizon has a Fe^/clay ratio of 2.65 (compared to the Ap 
Fe^g/clay ratio of 1.56) which suggests a pedogenic effect and 
possibly a former more-weathered surface horizon now covered 
by colluvial-alluvial silts. The 2Bt2 horizon contains 
Table 3. Soil characterization data for the Rollingstone soil 
at stop 86-9 (Irish Hollow Creek watershed) 
Horizon Mdpt& Sand Silt Clay Soil Fed Aid Clay Mineralogy^ (D
 
^
0
 
(cm) — — —  —  
— % —  PH (g/kg) MT MI MM VR KK GE QZ DL CA (9/kg) 
A 4 7 77 16 5.3 10 1 2d 1 2 1 25 
El 14 8 77 15 6-0 10 1 
E2 26 8 75 17 6.4 11 1 2 3 2 3 1 45 
2Btl 42 9 63 28 6.2 17 1 
2Bt2 58 13 37 50 6.1 32 2 3 2 2 3 2 78 
3Bt3 80 . 13 24 63 6.5 41 3 
3Bt4 113 16 12 72 7.5 47 3 2 1 2 1 64 
3BC 141 50 13 37 8.0 29 2 
i 
^Horizon midpoint depth. 
I ^Mineral identification: MT=montmorillonite, MI=mica, MM=smectite-mica, 
VR=venniculite, KK=kaolinite, GE=goethite, QZ=quartz, DL=dolomite, CA=calcite. 
^Total iron content for the total clay (<2.0/i) fraction. 
^Relative peak size: 3=medium, 2=small, l=very small. 
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common, thick void and channel illuviation argillans, and 
common pseudomorphs (kaolinite after feldspar) in thin section 
(W. D. Nettleton, 1988, National Soil Survey Laboratory, 
Lincoln, NE, personal communication). The thin section 
evidence supports both translocation of clays and intensive 
weathering of minerals in this solum. However, pédologie 
over-printing and the occurrence of three (or more?) parent 
materials in this pedon complicates these interpretations. 
Clay mineralogical investigations of the paleosol at 
stop 87-3 were performed because coarse fragment lithology and 
sand grain mineralogy suggested a glacial origin for this 
paleosol (Effland et al., 1988). In addition to coarse 
fragment lithologies of locally-derived sedimentary bedrock 
(dolomite, chert, sandstone, shale), strongly-weathered 
igneous (granitic) sand grains and pebbles, and rounded, 
metamorphic (quartzite) pebbles were present in this paleosol 
(Figures 1 and 2). Parent material uniformity for the 
paleosol and the underlying sediments, previously discussed in 
Section II, indicated the possibility of examining weathering 
trends of clay minerals within the paleosol and among the 
various parent materials (glacial till, erosional sediments 
from till arid bedrock, sedimentary bedrock). Additional 
investigation related to the nature of pedogenesis within the 
clayey horizons of the periglacial(?) involution was also 
undertaken at this site. 
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Figure 1. Photomicrograph of igneous (granitic) sand grains 
from Pre-Illinoian till - stop 87-3 
Figure 2. Photomicrograph of a metamorphic (quartzite) pebble 
from Pre-Illinoian till - stop 87-3 
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The elemental composition and particle size distribution 
data for selected samples from beneath the Wisconsinan loess 
are presented in Table 4. All horizons had clayey textures 
(clay range = 52-73%) and soil reaction near neutral (« 7.2). 
The neutral soil reaction is typical of paleosols buried 
beneath calcareous loess and suggests resaturation by bases 
from the overlying loess (Ruhe, 1969). The silt content was 
generally less than 15%, except for the two uppermost 2Btbl 
horizons which had increased silt from mixing with the basal 
loess. The distribution of Al^ increased from 1.0 to 3.8 g/kg 
with increasing depth and Al^ also increased from « 75 to 100 
g/kg. The depth function for Fe^ displayed increasing 
concentrations with increased clay contents, suggesting co-
migration and translocation of clays and Fe^-soluble 
sesquioxides (Blume and Schwertmann, 1969). The Fe^ depth 
distribution showed accumulation within the 2Btbl (344 cm) and 
a second maxima for the 2Btb3 horizon. Clay-sized goethite 
was present in the 2Btbl (344 cm) horizon and all horizons 
below it (Figs. 5-8). The elemental data for Fe^^ may 
indicate the appearance of clay-size goethite when 
concentrations of Fe^ are > 20 g/kg and Fe^ > 50 g/kg. The 
distributions of Mn^ ^ appear to demonstrate preferential 
reduction of Mn and translocation because the Mn^ maximum is 
below the Fe^ maximum (Blume and Schwertmann, 1969). However, 
Table 4. Elemental composition of the Pre-Illinoian paleosol 
at stop 87-3 (Burraeister's Ridge) 
Horizon Mdpt^ Sand Silt Clay Soil Si^ Al^ Al^ Fe^ Fe^ Fe^ Mn^ Mn^ 
(cm) % pH (g/kg) —(/ig/ g ) — 
2Btblb 297 15 27 58 7.2 267 H O
 
78 13 1.2 36 235 260 
2BtblC 324 11 37 52 7.3 297 
o
 
H
 75 13 
CO o
 36 35 61 
2Btbld 344 18 12 70 7.2 232 1.9 71 26 V
O o
 53 159 168 
2Btb2 379 35 9 56 7.2 272 1.4 86 19 nd® 48 671 806 
2Btb3 406 25 7 68 7.1 223 2.6 102 43 0.4 131 925 1283 
3Btb4 435 12 15 73 to
 
208 2.9 95 58 H
 
O
 
72 1588 1510 
4BCtb2 464 42 6 52 7.3 291 1.7 92 24 nd 55 718 732 
5Btb5 507 17 9 74 7.2 209 3.8 103 52 C
O o
 73 646 781 
^Horizon midpoint depth. 
bupper clayey zone of the involution. 
Glower clayey zone of the involution, 
^Horizon with the clay maximum. 
®Not determined. 
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incorporation of shales may augment the Mn^ ^ composition, 
thereby confounding this interpretation. 
The clay mineralogy of these samples was determined from 
the XRD diffractograms shown in Figures 3-8. Clay minerals 
included smectite, mica, smectite-mica, kaolinite, and, 
tentatively, hydroxy-interlayered vermiculite (in the 
uppermost 2Btbl horizon). Smectite, shown by a 0.14 nm peak 
with Mg 54 which expands to 0.17 nm with Mg EG treatments, was 
present in all horizons. The identification of smectite in 
the 5Btb5 horizon (Figure 8) was inconclusive because the Mg 
EG pattern does not clearly show an expandable peak at 0.17 
nm. However, the increased shale content for this horizon 
(see the profile description in Appendix A) has contributed 
well-crystallized mica, as seen by the sharp 0.10 nm peak with 
the K 550 treatment. Weathering of smectite may be seen by a 
broadening of the glycolated 1.7 nm peak (Ruhe et al., 1974), 
and the occurrence of smectite-mica, identified by a 2.7 nm 
peak with the Mg EG treatment, can only positively be observed 
in the 2Btbl (324 cm) horizon at the base of the involution. 
Kaolinite, shown by a 0.71 nm peak (K 25) which disappears 
after the K 550 treatment, and mica (1.0 nm peak with all 
treatments) occurred throughout the paleosols. The appearance 
of a small peak on the low angle side (smaller degrees 20) of 
the 1.0 nm peak for the K 550 treatment of the uppermost 2Btbl 
horizon (Figure 3) supports the identification of hydroxy 
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Figure 3. X-ray diffractogram for 2Btbl (297 cm): # 87322 
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Figure 4. X-ray diffractogram for 2Btbl (324 cm): # 87324 
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Figure 5. X-ray diffractogram for 2Btbl (344 cm): # 87325 
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Figure 6. X-ray diffractogram for 2Btb3 (406 cm): # 87329 
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Figure 7. X-ray diffractogram for 3Btb4 (435 cm): # 87331 
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Figure 8. X-ray diffractogram for 5Btb5(507 cm); # 87336 
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-interlayered vermiculite. The hypothesis of weathering of 
mica to hydroxy-inter1ayered vermiculite can not be confirmed 
because the horizon may have inherited this mineral from the 
overlying loess. 
Weathering trends within the paleosol and among various 
parent materials were strongly influenced by pedogenic over­
printing, lithologie variation, and the homogeneity of clay 
minerals within and among the paleosols. Incorporation of 
locally-derived sedimentary bedrock types and homogeni z at ion 
from weathering, erosion, and deposition confound the mineral 
weathering sequence interpretations. The clay mineral 
assemblage suggests the following possible weathering 
sequences: mica (illite) -» vermiculite smectite, or mica 
(illite) smectite-mica smectite (Jackson, 1964; Allen and 
Fanning, 1983). It is postulated that weathering of mica 
produces mixed-layer smectite-mica, smectite and, possibly, 
hydroxy-interlayered vermiculite. Kaolinite originates from 
both allogenic and authigenic processes. In conclusion, the 
combined effects of pedological and sedimentological processes 
have determined the distribution and genesis of clay minerals 
in the surface soils, and buried and exhumed paleosols on this 
hillslope. 
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SECTION V. SOIL STRATIGRAPHY AND GEOMORPHIC SURFACES 
NEAR THE UPPER IOWA RIVER, NORTHEAST IOWA 
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ABSTRACT 
Soils which occur along the upland stream divides in 
northeastern Allamakee County, Iowa are formed in a silty 
mantle of late Wisconsinan loess. Dissection of the landscape 
by fluvial erosion has exposed red (2.SYR hue) and brown 
(7.5YR, lOYR hues), clayey paleo-argillic horizons along 
hillslope shoulder and backslope components. This study was 
conducted to describe the soil-stratigraphic relationships of 
the loess-derived and paleosolic soil profiles along an upland 
hillslope traverse near the Irish Hollow Creek watershed. 
Deep cores of ten sites (3-10 m depth) and four back-hoe 
excavated pedons were examined in the field for morphological 
properties, and in the laboratory for chemical and 
mineralogical characteristics. Parent material differences 
were assessed primarily by morphological variation and 
particle size distribution depth functions. 
Loess stratigraphy was described as late Wisconsinan loess 
above an earlier Wisconsinan basal loess paleosol or 
sediments. The earlier Wisconsinan sediments commonly 
displayed evidence of "mixing" by either cryo-bioturbation or 
erosion. It was hypothesized that a tundra-like periglacial 
environment may have induced the formation of an involute-
injective disturbance at the boundary between the lower 
portion of the loess and the truncated, clayey paleosol. 
The identification of glacial till or till-derived 
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erosional sediments for three sampling positions supports the 
hypothesis of Pre-Illinoian glaciation for this section of 
Iowa. A paleo-surface depressional configuration was 
postulated for preservation of the glacially-derived sediments 
in a landscape modified by extensive erosion. The depressions 
may represent karstic collapse features related to the 
underlying dolomite bedrock. 
Soil-stratigraphic units consisted of the informally-named 
basal loess paleosol (BLP) for the earlier Wisconsinan loess. 
The BLP was not present at all sampling locations because of 
lack of development or erosion. Subjacent to the BLP are 
isolated remnants of the Sangamon Soil with well-developed 
polygenetic paleosols developed in sandy Pre-Wisconsinan 
sediments which are welded to underlying clayey erosional 
sediments derived from Paleozoic bedrock. Also, the BLP 
occurred above the Late Sangamon paleosols which were 
identified from truncated, paleo-argillic horizons with 
thinner sola than the Sangamon paleosols. The Late Sangamon 
erosion surface was marked by a stoneline caused by fluvial 
erosion. lowan erosion surface complexes were identified 
where loessial soils, with no intervening paleosols, formed 
above pediments and bedrock surfaces. Silty and clayey 
colluvial-alluvial sedimentary deposits commonly occur along 
the noseslope positions and form the lower parent material for 
ground soils such as the Southridge series in this watershed. 
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INTRODUCTION 
Stratigraphy is a branch of the geological sciences which 
examines the spatial and temporal arrangement of stratified 
sediments and rocks, and other earthy materials. 
Stratigraphie classifications help to provide understanding 
and knowledge through research and communication of the three-
dimensional configurations and temporal dimensions of 
sediments and rocks (NACSN, 1983). Earth scientists have long 
recognized the importance of soils - both modern and older -
for evaluating stratigraphy and as paleoclimate indicators 
(Finkl, 1980). Soil stratigraphy, a specialized branch of 
stratigraphy, incorporates pedology (the science of soil 
genesis, morphology and utilization) and geomorphology (the 
science of landform configuration and landscape evolution) to 
examine the spatial arrangement of soils, weathering profiles 
and parent materials (rocks and sediments). Soil 
stratigraphy's primary objective is to unravel the 
chronological record from these various components. 
Soil Stratigraphy 
The soil-stratigraphic unit was defined as "a soil with 
physical features and stratigraphie relations that permit its 
consistent recognition and mapping as a stratigraphie unit" 
(ACSN, 1961). The fundamental unit for soil-stratigraphic 
classification was the soil. Important characteristics 
included the following criteria: (1) distinction from both 
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rock-stratigraphic and pédologie units, (2) formed from rock-
stratigraphic units which may vary widely in age and 
composition, (3) resulted from pedogenic processes which 
occurred after the parent rock was formed, (4) has definable 
stratigraphie relations, (5) may incorporate one or more than 
one pédologie units, (6) defined by observable physical 
features at a type locality, (7) understanding of its lateral 
variations are necessary, and (8) may parallel or transgress 
time horizons (Ruhe and Fenton, 1969). 
Revision of the North American Stratigraphie Code (1983) 
defined the pedostratigraphie unit as " a buried, traceable, 
three-dimensional body of rock that consists of one or more 
differentiated pédologie horizons" (underlined words by this 
author). The fundamental unit in pedostratigraphie 
classification was the geosol (Morrison, 1967). The 
underlined words in the preceding definition indicate 
restrictive connotations inferring that a geosol is the 
weathered portion of a formal rock unit, and also could not be 
a relict or exhumed paleosol (Walker et al., 1984). Pédologie 
horizons were defined as layers in which the processes of soil 
development have produced field-observable changes in color, 
structure, organic-matter accumulation, texture, clay 
coatings, stains or concretions which could be verified by 
laboratory investigations. 
The Australian stratigraphie classification proposed the 
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"pedodenn" as the formal soil-stratigraphic unit (Brewer et 
al., 1970). It was established to overcome problems with the 
American soil-stratigraphic definition based on objections to 
the formal unit being called soil (Morrison, 1967). The 
pedoderm was defined as "a mappable unit mantle of soil, 
entire or partially truncated, at the earth's surface or 
partially or wholly buried, which has physical characteristics 
and stratigraphie relationships which permit its consistent 
recognition and mapping." The pedoderm definition contains 
many of the criteria described by the 1961 ASCN definition for 
a soil-stratigraphic unit. 
Loess stratigraphy 
The stratigraphie relationships for loessial sediments 
across the Midwest region of the United States have been 
studied extensively. Loess, dominantly silt-sized (>50% silt) 
eolian sediments forms a regionally-extensive surficial 
deposit and is the principal parent material for some of the 
world's most productive, yet erosive, soils. In the U.S., the 
geographic distribution of Late Wisconsinan loess ranges 
longitudinally from the Rocky Mountains of Colorado to the 
Appalachian Mountains of Pennsylvania, and latitudinally from 
Minnesota to Lousiana (Ruhe, 1983) . According to Ruhe (1983) , 
the loess sedimentological system displays three major 
features. These characteristics include: (1) loess dispersion 
models which can mathematically-predict loess thickness 
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patterns in relation to prevailing wind direction and presumed 
source areas, (2) lateral sedimentary separation of particle 
size fractions with increasing fineness of the particle size 
fractions as loess sediments thin relative to distance from 
the source, and (3) time-transgression of the basal section of 
the loess. 
Midwestern U.S. loess stratigraphie units have been 
subdivided into two major groups based on the glacial period 
during which the sediments supposedly originated. The 
Loveland loess is Illinoian in age (« 125,000 years before 
present) and commonly has a soil-stratigraphic unit, the 
Sangamon Soil, a time-transgressive paleosol formed from it 
and other parent materials such as Illinoian glacial till, and 
bedrock (Norton et al., 1988). Wisconsinan age loess has been 
traditionally subdivided into two groups - early Wisconsinan 
and late Wisconsinan. The late Wisconsinan loess has been 
more extensively studied and classified primarily because the 
accessibility and continuity of the sediments, and also 
because the absolute age determinations fall within the range 
of carbon-14 radiocarbon dating techniques. Conversely, the 
early Wisconsinan loess has been more difficult to study due 
to the combined effects of erosion and cryo-bioturbation and 
age determinations near the upper limit of the radiocarbon 
techniques. 
The classification and naming of Wisconsinan loesses has 
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changed considerably over most of the past century. The lower 
or early Wisconsinan loess was originally named "late Sangamon 
loess" (Smith, 1942) and then subsequently renamed Farmdale 
loess (Leighton and Willman, 1950). Frye and Willman (1960) 
subdivided the Wisconsinan loess of Illinois into the Peoria 
(Woodfordian - 12,500 to 22,000 radiocarbon years before 
present (RCYBP)), Farmdale (Farmdalian - 22,000 to 28,000 
RCYBP) and the Roxana (Altonian - 28,000 RCYBP to « 50,000-
75,000 years before present). Frye et al. (1968) combined the 
Farmdale into the upper part of the Roxana, and also further 
subdivided the Peoria (Woodfordian) loess into four additional 
zones based on illite mineralogy content. Additional 
subdivision of the Roxana (Altonian and Farmdalian) produced 
four zones combining Smith's "late Sangamon loess" with the 
Farmdale. The oldest, lowermost Roxana Zone I was then 
correlated with the Late Sangamon pedisediment of Ruhe (1956) . 
Ruhe and Olson (1978) state that if the Late Sangamon-Roxana 
Zone I correlation was correct, then the Roxana Zone I is not 
Wisconsinan but pre-Wisconsinan in age. 
This "stratigraphie confusion" has resulted in the naming 
of the upper, late Wisconsinan loess as Peorian (12,500 to 
22,000 RCYBP) with a weakly-developed, basal loess paleosol 
(Farmdale) formed in the upper part of the lower Wisconsinan 
loess or Roxana silt (Lively et al., 1987). Further loess 
classificatory revisions have followed and the present 
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stratigraphie nomenclature is not finalized. The discussion 
which follows relative to the time-transgressive nature of the 
basal loess paleosol adds emphasis to using informal loess 
stratigraphie terminology (Olson, 1989). 
The time-transgessive nature of the basal loess soil-
stratigraphic zone has stimulated discussion and controversy 
thoughout the Midwest (Ruhe and Fenton, 1969). The basal 
loess soil or Farmdale unit, as defined in Illinois, separated 
the upper, late Wisconsinan or Peoria loess from the lower 
Wisconsinan or Roxana silt (Frye and Willman, 1960; Fricke and 
Johnson, 1983). However, the basal loess soil in Iowa 
displayed a time-transgessive nature which ranged in age from 
16,500 to 29,000 RCYBP (Ruhe and Fenton, 1969). This wide 
time span includes the Farmdale time and a portion of the 
upper Wisconsinan (Woodfordian^in Illinois) substage from 
17,000 to 22,000 RCYBP (Olson, 1989). The controversial 
interpretations from the time-transgressive character and 
difficulties with classification and naming of the basal loess 
soil necessitates using the term "basal loess paleosol" for 
the weakly-developed soil shown by a darker color in the lower 
section of the Wisconsin loess. 
The regional loess stratigraphy for the Paleozoic Plateau 
in the Upper Mississippi Valley has not been studied in 
detail. This lack of information makes correlation with 
extensively-studied neighboring areas to be, at best. 
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tentative. 
Soil development and loess stratigraphy 
Foss and Rust (1962) studied loess deposition and soil 
development for Fayette and Seaton soils from southeastern 
Minnesota. They developed a loess dispersion model to explain 
loess thickness patterns, and postulated the Mississippi River 
and its larger tributaries were source areas. Particle size 
data for the loess showed very low (< 5%) sand content with C 
horizon clay contents of « 13%. Differences in degree of 
weathering between the soils were indicated by the increased 
amount of illuvial clay present in the Fayette soil. The 
weathering differences were postulated to have resulted from a 
difference in the absolute age of the parent materials. The 
Fayette soil's loess thickness was « 5 m (209") and the loess 
parent material was underlain by glacial till over limestone 
bedrock, whereas the Seaton soil had a loess thickness of » 
4.5 m (180") directly over limestone bedrock. 
Hogan and Beatty (1963) described the particle size 
distribution and mineralogical composition for a Seaton silt 
loam formed in Wisconsinan loess in Grant County, Wisconsin. 
The sand content of the "loess" ranged from 10 to 35%, and the 
clay content for the lower C horizons (deoxidized, unleached) 
was « 13%. They postulated that the higher sand content of 
this soil relative to Fayette and Tama soils resulted from 
coarsening of the loess during deposition. The basal loess 
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paleosol (Farmdale Soil) was dated at « 29,400 ± 700 RCYBP 
with a particle size distribution of « 7-10% sand and 17-20% 
clay. A reddish (7.SYR 4/8 to 5YR 5/6), clayey (« 60% clay), 
truncated Late Sangamon (?) paleosol was described below the 
basal loess paleosol. The paleo-argillic horizons contained 
abundant free (citrate-dithionite extractable) iron (« 2.8 to 
7.8% FegOg or « 20 to 55 g/kg Fe). Clay mineralogy was 
identified as vermiculite, montmorillonite, illite and 
kaolinite. 
Frolking (1985) stated that his research objectives were 
to describe the Peoria loess distribution in western Grant 
County, WI, and to demonstrate that most hillslopes in the " 
Driftless Area" of Wisconsin have been stable during the 
Holocene and are therefore, relict of the late Wisconsinan. 
He concludes that a maximum of 10 cm of Holocene hillslope 
erosion has occurred. However, this conclusion was not 
consistent with the findings of Knox et al. (1979) who 
examined the Holocene fluvial stratigraphy and suggested that 
active Holocene erosion and sedimentation occurred at least 
three times (6,600-4,400 RCYBP; 3,100-1,800 RCYBP; 1,200-800 
RCYBP) with intervening stable periods. 
Frolking (1989) postulates loess zonation has not affected 
soil profile development on forested slopes for the 
southwestern Wisconsin region of the Upper Mississippi Valley. 
However, he further states that the loess cover is relatively 
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thin, texturally uniform (sand = 2-7%, clay = 22-26%), and the 
low illite (clay mica) mineralogical content coupled with the 
regional drainage history suggest a Upper Mississippi River 
Basin source. The clay value for parent materials used in 
determining pedogenic clay accumulation or depletion was 
estimated to be 24% based on the average C2 horizon clay 
content. Also, Frolking did not encounter the basal loess 
paleosol and lower Wisconsinan loess (Roxana Silt) in the 
hillslope transects he examined. 
Pre-Wisconsinan stratigraphy 
Northeast Iowa has frequently been included in the area 
known as the "Driftless Area" of the Upper Mississippi River 
Valley. The concept of a "Driftless Area" was, in part, based 
on the degree of incision into the bedrock by rivers and their 
tributaries in this region. The assumption that deep bedrock 
incision requires a very long period of geologic erosion, and 
the scarcity of clearly-identifiable glacially-derived tills 
and sediments supported designation of this region as 
unglaciated. However, early work by A. J. Williams (1923) 
documented numerous exposures of glacial till or till-derived 
sediments in the uplands throughout northeast Iowa. Evidence 
used to record the tills was principally associated with the 
occurrence of igneous and metamorphic "glacial erratics" not 
related to the local sedimentary bedrock. The extensive 
degree of decomposition of igneous pebbles and the variation 
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of lithologies relative to the Kansan till mapped west of the 
region lead Williams to conclude the patches of glacial drift 
were Nebraskan in age (Trowbridge, 1966). Recent revisions of 
the classical chronostratigraphy for Pleistocene glaciation 
would correlate these deposits as Pre-Illinoian (Hallberg, 
1986). 
Prior (1976) proposed the name "Paleozoic Plateau" for the 
unique physiographic region bounded by the Mississippi River 
to the east and the lowan Erosion Surface to the west. The 
Paleozoic Plateau's western border is marked by the Silurian 
or "Niagaran" Escarpment where erosionally-resistant carbonate 
rocks begin to control the topography of the region (Hallberg 
et al., 1984). The primarily bedrock-controlled topography of 
this region separates northeast Iowa from the other regions of 
the state. Differentially-resistant sandstones and dolomites 
produce steeply-sloping hillsides which stand in marked 
contrast to the more-gently sloping terrain formed on less-
resistant shales and glacial deposits. The bedrock topography 
of northeast Iowa (Allamakee and Clayton Counties) has not 
specifically been mapped, and the Pleistocene surficial 
deposits have not been delineated because of their thin, 
discontinuous distribution (Hansen, 1975). 
The Paleozoic sedimentary bedrock exposed along the 
uplands near the Upper Iowa River is predominantly Ordovician 
in age (Hallberg et al., 1984). The Oneota Formation is an 
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Early Ordovician dolomite which is capped by the ShaJcopee 
Formation. The Shakopee Formation consists of two members -
New Richmond Sandstone and Willow River Dolomite. Gradational 
changes from sandstone to dolomitic sandstone to dolomite 
occur within the Shakopee Formation. Isolated outcrops of the 
Middle Ordovician St. Peter Formation, a mature, very pure 
quartz sandstone, lie unconformably above the Shakopee 
Formation. 
Previous workers in the "Driftless Area" attempted to 
describe the upland surfaces as two peneplains - Dodgeville 
and Lancaster (Trowbridge, 1921). Current theories object to 
the concept of peneplains, and more accurately describe the 
upland stratigraphy based on the theory of stepped erosion 
surfaces (Hallberg et al., 1984; Hudak, 1988). Upland 
Pleistocene stratigraphy consists of well-developed Yarmouth-
Sangamon paleosols formed in Pre-Illinoian tills as localized, 
isolated remnants along the most stable upland divides 
(Hallberg et al., 1984). Pediments cut into the Yarmouth-
Sangamon surface have been identified as Late Sangamon erosion 
surfaces with paleosols having thinner sola than the Yarmouth-
Sangamon paleosol. The Late Sangamon pediment has beveled the 
Yarmouth-Sangamon surface and may descend in a "stepped" 
manner onto Paleozoic sedimentary bedrock (Lively et al., 
1987). Truncated paleosols occur on this erosion surface and 
are frequently called "Late Sangamon" paleosols. Additional 
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complications with age determinations of stepped erosion 
surfaces in bedrock-controlled topography may result because 
differential erosion can expose geologically-resistant 
surfaces as stripped or structural plains (Ruhe, 1975). 
Pediments cut into the Late Sangamon Paleosol and surface are 
younger than "Late Sangamon" and are commonly related to the 
lowan Erosion Surface (Ruhe, 1969). These Wisconsinan age 
pediments are loess-covered, but truncation and removal of the 
older paleosols resulted in loess deposition directly onto 
pediments or bedrock. Inset below the Wisconsinan-age lowan 
Erosion Surface deposits are younger, Holocene-age (< 10,000 
RCYBP) alluvial sediments (Hallberg et al., 1984). 
Soil development and Pre-Wisconsinan stratigraphy 
Soils formed in proximity to carbonate sedimentary rocks 
commonly have clayey textures which previous researchers 
described as residual from the rock. Several studies (Olson, 
1979; Frolking, 1983 and others) have concluded that red, 
clay-rich soils or "terra rossa" associated with carbonate 
rocks result from complex genetic processes such as 
colluviation, eolian and fluvial sources, and carbonate 
dissolution. The rubification (reddening) process indicates 
the relative composition of soil iron oxides (Schwertmann et 
al., 1982). Increased redness has been correlated with 
hematite content which is a function of various lithogenic and 
pedogenic factors such as mineral composition, pedoenvironment 
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and climate (Boero and Schwertmann, 1989; Schwertmann, 1985). 
The clayey textures of these palebsols originated from 
multiple processes including weathering, illuviation, and 
deposition of eolian and erosional sediments derived from 
previously-weathered soils and clayey sedimentary rocks such 
as shales (Willman et al., 1989). 
Characterization of the soils and sediments along the 
upland divides may provide additional information related to 
the geomorphic history of the Upper Mississippi Valley. This 
study was conducted to describe the soil-stratigraphic 
relationships of the loess-derived and paleosolic soil 
profiles present along an upland hillslope traverse in the 
Paleozoic Plateau region of northeastern Iowa. The 
relationships of the soil-stratigraphic units with the 
hypothesized extension of the lowan Erosion Surface into the 
Paleozoic Plateau as a geomorphic surface model will also be 
discussed. 
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MATERIALS AND METHODS 
Detailed information describing the study locations, 
sampling methodology, and standard soil characterization 
procedures was presented in Sections I - IV. The relative 
elevations for the eight sampling stops depicted in the 
stratigraphie cross-section were determined by stadia mapping 
with a transit and level rod. Relative surface elevations 
were computed from a local benchmark. The benchmark's 
elevation was estimated from a 7.5 minute USGS topographic map 
(New Albin, lA quadrangle) of the area. 
This paper represents a theoretical approach to 
understanding the relationships of soils, paleosols and 
stratigraphy for the upland hillslope traverse. Therefore, 
detailed descriptions of specific field and laboratory 
procedures were excluded. 
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RESULTS AND DISCUSSION 
Loess stratigraphy 
The hillslope traverse has been blanketed by late 
Wisconsinan loess ranging in depth from « 0.5 to 3 m (Figure 
1). The loess contains low (<5%) sand with Fayette soil Bt 
clay maxima of 28-30% compared to C horizon clay contents of « 
13%. These values are in close agreement with the loessial 
soils studied by Foss and Rust (1962). However, the parent 
material clay content of 13% is more than 10% lower than the 
24% value used by Frolking (1989) in southwestern Wisconsin. 
Two hypotheses to explain this discrepancy are; (1) 
differences in loess source(s) and stratigraphie position 
since Frolking studied late Wisconsinan loess east of the 
Mississippi Valley and also, did not encounter the basal loess 
paleosol, and (2) the C horizon value of 24% is too high, and 
represents a weathered zone such as the BCt horizons in the 
loess. There is a strong possibility of differences in loess 
composition in relation to potential sources such as a 
location east or west of the Mississippi River and its 
tributaries, and more distal to the lowan Erosion Surface. 
The Seaton soil examined by Hogan and Beatty (1963) in 
Wisconsin contained « 13% clay in the lower C horizons 
(deoxidized, unleached), but the higher sand content (10-35%) 
suggests this sediment was affected by localized eolian sand. 
If the lowan Erosion Surface was a source for this loess, the 
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Figure 1. Stratigraphie sections for the hillslope 
traverse near the Irish Hollow Creek, 
Allamakee County, Iowa 
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higher clay values reported by Frolking relative to lower clay 
content west of the Mississippi Valley would fit the particle 
size fractionation characteristic of the loess sedimentary 
system. However, the intervening position of the Mississippi 
River as a source indicates the need for additional sampling 
and analysis to fully examine this hypothesis. 
The late Wisconsinan loess which mantles the uplands near 
Irish Hollow Creek can be subdivided into weathering zones 
relative to oxidation state, iron segregations and carbonate 
status of the sediments (Hallberg et al., 1978). The upper 
weathering zone is the oxidized, leached (OL) zone and occurs 
at all sampling locations with thicknesses ranging from « 60 
to 245 cm. The oxidized, unleached (OU) zone was identified 
at stops 88-1 (245-291 cm) and 87-4 (163-185 cm). Stop 87-3 
contained a mottled, deoxidized, unleached (MDU) zone (176-220 
cm) above a deoxidized, unleached (DU, 220-289 cm) zone. The 
deoxidized weathering zone may indicate the basal weathering 
zone for the loess above the Late Sangamon paleosol or Pre-
Illinoian till at this stop (Hallberg et al., 1978). The 
increases in Mn^, and within this depth range (see Section 
III) may indicate a relationship of this weathering zone with 
the water table. 
The upper, late Wisconsinan loess (WLl) occurs 
stratigraphically above the basal loess paleosol (BLP) formed 
in a higher sand (7-15%) loess (Roxana Silt), Pre-Wisconsinan 
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paleosols formed in erosional sediments from Pre-Illinoian 
till and Paleozoic bedrock, and silty or clayey colluvium-
alluvium. The BLP was best expressed at stop 88-1 in which a 
polygenetic profile of BLP was welded to a well-developed Pre-
Wisconsinan paleosol (Sangamon Soil) in sandy, 
undifferentiated sediments. The BLP was strongly cryo-
bioturbated at stops 87-3, 88-4 and 87-4 with large-scale 
reorganization from periglacial and erosional activity. The 
sandy Wisconsinan loess unit was present at stops 88-7 and 88-
2, but there was no evidence of a darkened zone indicative of 
the BLP at these stops. Also, at stop 88-6, the WLl occurs 
immediately above a silty alluvium (SiA unit; sand = 3-24%, 
clay = 13-18%). At stop 88-5, the WLl lies directly on top of 
clayey alluvium (CAl unit; sand = 15-30%, clay = 51-79%) with 
very low silt content. The clayey alluvium overlies a low 
sand (5-10%), clayey alluvium (CA2) with increased amounts of 
fine silt (19-32%) and clay content ranging from 59-74%. The 
increased silt content for the CA2 unit suggests incorporation 
of Pre-Wisconsinan loess and subsequent weathering. Lively et 
al. (1987) postulated a Pre-Wisconsinan loess as the parent 
material for the Sangamon Soil exposure from southeastern 
Minnesota. 
Fayette soils in the deep, late Wisconsinan loess exhibit 
uniform profile development with ochric epipedons (A, Ap 
horizons) overlying eluvial horizons (E, BE) grading into 
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clay-enriched argillic (Bt) horizons. Frolking (1989) found 
nearly uniform soil development for forested soils in late 
Wisconsinan loess. Illuviation of clays has been previously 
shown from fine clay and total clay depth distributions, and 
the observation of clay coatings. Mineralogical and elemental 
composition data support the hypothesis that the loessial 
soils have not been intensively weathered (see Sections III 
and IV), but sufficient weathering has resulted in the 
observed morphological characteristics. 
The Southridge and Rollingstone soils examined for this 
study display profile morphology and development related to 
both modern and former pédologie processes. The loess mantle 
in the upper horizons of the Southridge soil at stop 86-8 
demonstrates landscape stability for this summit position 
because the presence of argillic horizon identifies a stable 
surface and a seasonal water deficit (Soil Survey Staff, 
1975). However, the Southridge (86-10) and Rollingstone (86-
9) pedons have higher sand contents in the silty mantle. 
These pedons have been affected by eolian and colluvial 
processes. The argillic horizons in these soils indicate 
sedimentological inputs and pedogenic overprinting with the 
truncated, exhumed paleo-argillic horizons. The truncation of 
the paleo-argillic horizons demonstrates the variation of 
landscape stability for differing parent materials in 
conjunction with climatic, biotic, topographic, and temporal 
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factors. 
Pre-Wisconsinan stratigraphy 
The paleosols formed in the clayey and sandy sediments 
below the late Wisconsinan loess display morphological, 
mineralogical and chemical characteristics suggesting 
intensive weathering and polygenesis. The gray (lOYR 6/1), 
sandy Pre-Wisconsinan paleosol which occurs at stop 88-1 
exhibits a well-developed argillic horizon which is 
pedogenetically-welded to the superjacent BLP formed in sandy 
Wisconsinan loess, or a mixture of loess and the underlying 
sediments, and also clearly merges with the subjacent red 
(2.5YR 4/8), clayey Pre-Wisconsinan paleosol. The 
stratigraphie location of the gray paleosol and the subjacent 
red, clayey paleosol supports its placement as a Sangamon 
Soil. Additional evidence for this classification results 
from the degree of development shown by the 3Btb/3BCb clay 
ratio of 2.3, the deep, welded solum and the intensively-
weathered material dominated by quartz sands with very low 
amounts of weatherable silt- and sand-sized minerals. 
Polygenesis may be indicated by thick soil horizons and 
multiple layers of clay coatings on peds (Lively et al., 
1987). Also, the occurrence of two or more paleo-argillic 
horizons across boundaries of multiple parent materials with 
erosion surface discontinuities demonstrates polygenetic 
overprinting. 
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Evaluation of the deposits beneath the Wisconsinan loess 
at stops 88-7 and 88-2 revealed no darkened BLP, but high sand 
loess or loess-derived colluvium was present. Sand content 
ranged from 6 to 10% for stop 88-7 (183-213 cm), and from 11 
to 24% sand at stop 88-2 (178-200 cm). The location of these 
profiles near the upper reaches of modern drainageways (see 
Section I, Figure 1) suggests the hypothesis that these 
drainageways extended headward as paleo-drainageways prior to 
late Wisconsinan loess deposition. The paleo-drainageways 
were subsequently filled with late Wisconsinan loess but the 
underlying Sangamon paleosol had been truncated by erosion. 
Thus, the clayey Pre-Wisconsinan paleosols at these locations 
are Late Sangamon formed in erosional sediments from the Pre-
Illinoian tills and Paleozoic bedrock. 
The Pre-Wisconsinan paleosols at stops 87-3, 88-4, and 87-
4 lie below « 43 cm, 23 cm, and 32 cm of BLP, respectively. 
The BLP is well-expressed at stop 87-4 as a dark yellowish-
brown (lOYR 4/4) silt loam horizon with weak effervescence 
(see Appendix A). However, field identification of the BLP 
from sampled cores was not clearly evident for the other two 
stops. Also, a periglacial involution (C4&2Btbl; 289-340 cm) 
at stop 87-3 may have obscured the BLP at that site. The 
involution was identified by abrupt boundaries separating 
calcareous loess (C4 part; 279-289 cm) from noncalcareous, 
clayey paleosol (2Btbl part; 289-305 cm) with more calcareous 
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loess (305-315 cm) between the paleosol and the 2Btbl (315-370 
cm) horizon (see Appendix B). This periglacial phenomenon 
strongly resembles the involute-injective disturbances of Jahn 
(1975, p. 178) in which sediment deformation results from high 
moisture-frozen ground conditions. This finding would suggest 
paleoclimatic conditions which were tundra-like during the 
early stages of loess deposition. The tundra-like environment 
postulate agrees with the arctic hypothesis suggested by 
Norton et àl. (1988) to explain the lack of pedogenesis in the 
lower Wisconsinan loess. Also, McSweeney et al. (1988) 
examined the "mixed zone" in the lower portion of the late 
Wisconsinan loess by micromorphological techniques for a site 
in southwestern Wisconsin, and concluded that rounded 
pedofeatures (papules, fossil aggregates, rock fragments, 
nodules) were not formed in-situ. They postulated an 
allochthonous origin such as colluviation from mass wasting by 
gelifluction, a periglacial soil flow process. 
In addition to a periglacial environment, the location of 
this involution below the deoxidized, unleached weathering 
zone suggests a moister, reducing environment associated with 
this paleo-landscape position. The identification of Pre-
Illinoian glacial till at this location (Effland et al., 
1988), and at stops 88-4 and 87-4, suggest the hypothesis that 
the paleo-land surface configuration of erosional sediments 
and Paleozoic bedrock was depressional. The depressional 
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configuration may represent karstic collapse features into the 
underlying dolomite bedrock. This hypothesis also helps 
explain the presence of the Pre-Illinoian till for this 
portion of the hillslope traverse. The till was locally 
protected from regional erosion in conjunction with the 
development of Late Sangamon and Wisconsinan (lowan) erosion 
surfaces. Also, the thickness of the till-derived paleosol 
decreases systematically from « 94 cm at stop 87-3 to « 78 cm 
at stop 88-4 to « 68 cm at stop 87-4. The truncation and 
decreasing thickness of these paleosols, and the development 
of the paleosols in erosional sediments are multiple lines of 
evidence used to support their classification as Late Sangamon 
paleosols (Hallberg et al., 1978; Hudak, 1987). The 
occurrence of stonelines would indicate Late Sangamon fluvial 
erosion surfaces. 
The geomorphic surfaces which occur in relation to the 
soil-stratigraphic units are the Sangamon surface (Sangamon 
Soil) which has strongly-developed sola of polygenetic Pre-
Wisconsinan paleosols associated with its surface. The 
Sangamon surface has been beveled by the Late Sangamon erosion 
surface and has less well-developed, Late Sangamon paleosols 
formed in Pre-Illinoian till and erosional sediments derived 
from Paleozoic Bedrock located on it. Erosion of the Late 
Sangamon surface resulted in the lowan (Wisconsinan) erosion 
surface complex with loessial soils on pediments or bedrock 
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surfaces. 
The complicated geomorphic history of the uplands adjacent 
to the Upper Iowa River is demonstrated by the complexity of 
stratigraphie units, and intensity of sedimentologic and 
pédologie processes for the region. Numerous cycles of 
erosion and sedimentation have redistributed soil parent 
materials derived from Paleozoic sedimentary bedrock, Pre-
Illinoian glacial tills, and Pre-Wisconsinan and Wisconsinan 
loesses, and previously-weathered soils. Pedogenesis 
represents a systematic, non-entropic expression of processes 
which momentarily suspend the forces responsible for erosion 
and sedimentation. 
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SUMMARY AND CONCLUSIONS 
Section I examined the morphology and composition of two 
buried Pre-Wisconsinan paleosols and the superjacent loess-
derived Fayette ground soil. Coring « 10 km west of the 
Mississippi River on the summit-interfluve informally named 
Meyer's Field penetrated a gray (lOYR 6/1), sandy Sangamon 
paleosol merged with the basal loess paleosol (BLP) formed in 
earlier Wisconsinan loess or mixed sediments of loess and 
paleosol. The upper paleosolum was polygenetically welded to 
a subjacent red (2.SYR 4/8), clayey paleosolum formed in 
erosional sediments from Paleozoic bedrock and residual 
material from interbedded sandstone-shale-dolomite. Parent 
material homogeneity was based on sand fraction depth 
functions and "clay-free" particle size distributions. 
Argillic and paleo-argillic horizons were confirmed by the 
observation of clay coatings, and depth distributions of fine 
and total clay. 
Composition data for crystalline, non-crystalline and 
total elemental forms of Fe, Al, Mn and Si indicated 
increasing crystallinity of soil constituents (low Fe^, 
increased Fe^/Fe^) for the more intensively weathered paleosols 
relative to the modern-day loessial soils. Authigenic silica 
was identified in the lower section of the gray paleosol, and 
euhedral goethite/hematite occurred in the red, clayey 
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paleosol. The occurrence of euhedral goethite/hematite 
supports the residual hypothesis for the lower portion of the 
red, clayey paleosolum. 
Section II evaluated the use of "clay-free" sand and silt 
fraction data, in combination with other measured properties, 
to differentiate parent material changes along the sampled 
traverse. Comparisons with calculated adjacent ranges of 
overlap, based on the relative standard error for measuring 
sand and silt content (West et al., 1988), revealed parent 
material differences which generally agreed with 
morphologically-based distinctions of parent materials. This 
method appears sensitive to parent material changes in 
pedologically-welded red, clayey paleo-argillic horizons where 
differentiation of parent materials within clayey horizons was 
especially difficult. 
Section III describes total elemental, and CBD- and 
oxalate-extractable Fe, Mn and A1 compositional data in 
relation to pedogenic processes along the hillslope traverse. 
Depth functions of Fe^, Al^, and Al^ showed increases for 
loessial and paleosolic profiles indicative of weathering 
transformations and clay translocations with more pronounced 
changes within paleosols' horizons. Depth distributions of 
Fe^ revealed maximum zones of accumulation of non-crystalline 
weathering products at the interface near the upper boundary 
of the argillic horizons of loessial soils. The potential use 
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of extractable forms of Fe and Mn for laboratory verification 
of buried A horizons was postulated. Increased weathering of 
paleosols relative to loessial soils was shown by ratios of 
extractable and total Fe. Paleosols commonly have very low 
amounts of Fe^ relative to their Fe^ content. Comparisons 
using the Fe^/Fe^ ratio showed the minimally developed loessial 
soils had « 20 to 30% crystalline iron oxides, while paleosols 
typically had > 50% crystalline iron oxides. 
Section IV examined the clay mineralogy and iron oxide 
composition of soils formed in loess and clayey sediments, and 
a buried, clayey paleosol. The clay mineralogy of the 
loessial soils and paleosols did not vary appreciably in types 
of minerals determined using standard qualitative XRD 
techniques. Clay minerals consisted of smectite, smectite-
mica, mica, vermiculite, and kaolinite. It was postulated 
that weathering of mica produces mixed-layer smectite-mica, 
smectite and, possibly, hydroxy-interlayered vermiculite. 
Kaolinite originates from both allogenic and authigenic 
processes. Clay-sized minerals of goethite, quartz, calcite 
and dolomite were distinguished in some soil horizons. 
Selected horizons for the Late Sangamon paleosol (stop 87-3) 
formed from Pre-Illinoian till or erosional sediments also 
contained the above clay minerals. However, clay-size quartz, 
calcite and dolomite were not identified in the paleosol 
samples. Also, hydroxy-inter1ayered vermiculite was 
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tentatively identified in only one buried paleosol sample 
which corresponds to the upper clayey zone of the periglacial 
involution. In addition to the hypothesis of pedogenic origin 
for the clay minerals, any of the previously-identified clay 
minerals could have been inherited from the soil parent 
materials. Overall, the most dramatic difference in 
mineralogy among the loessial soils and paleosols was related 
to the iron oxide mineralogy. 
Section V discusses a stratigraphie model for loessial and 
paleosolic soil stratigraphy. Loess stratigraphy was 
described as late Wisconsinan loess above an earlier 
Wisconsinan basal loess paleosol or sediments. The earlier 
Wisconsinan sediments commonly displayed evidence of "mixing" 
by either cryo-bioturbation or erosion. It was hypothesized 
that a tundra-like periglacial environment may have induced 
the formation of an involute-injective disturbance at the 
boundary between the lower portion of the loess and the 
truncated, clayey Late Sangamon paleosol. The identification 
of glacial till or till-derived erosional sediments supports 
the hypothesis of Pre-Illinoian glaciation for this section of 
Iowa. A paleo-surface depressional configuration was 
postulated for preservation of the glacially-derived sediments 
in a landscape modified by extensive erosion. The depressions 
may represent karstic collapse features related to the 
underlying dolomite bedrock. 
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Soil-stratigraphie units consisted of the informally-named 
basal loess paleosol (BLP) for the earlier Wisconsihan loess. 
Subjacent to the BLP are isolated remnants of the Sangamon 
Soil with well-developed polygenetic paleosols. Also, the BLP 
occurred above the Late Sangamon paleosols which were 
distinguished by truncated, paleo-argillic horizons with 
thinner sola than the Sangamon paleosols. lowan erosion 
surface complexes were identified where loessial soils, with 
no intervening paleosols, formed above pediments and bedrock 
surfaces. Silty and clayey colluvial-alluvial sedimentary 
deposits commonly occur along the noseslope positions and form 
the lower parent material for ground soils such as the 
Southridge series in this watershed. 
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APPENDIX A: SOIL MORPHOLOGICAL DESCRIPTIONS 
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Soils Series: Fayette 
Soil Survey # S88-IA-000-881 
Map Unit Symbol: 163 
Geographically Associated Soils: Southridge, 
Downs, Rollingstone 
Location: Stop 1 (1988) Dean Meyer's alfalfa field north 
of Burmeister's Ridge 
Classification: fine-silty, mixed, mesic Typic 
Hapludalfs 
Physiography: Ridge in Glaciated Upland 
Geomorphic Position: summit of an interfluve 
Slope Characteristics: 1% plane horizontal, plane, 
vertical 
Precipitation: udic moisture regime 
MLRA: 105 
Drainage Class: well drained 
Land Use; cropland 
Particle Size Control Section: 33 to 101 cm 
Parent Material: loess for the ground soil 
Vegetation Code(s): COMM 
Diagnostic Horizons: 0 to 33 cm ochric, 33 to 140 cm 
argillic 
Described By: William R. Effland, Robert J. Vobora, 
Aaron Steinwand 
Date: 12/SS 
Ap—0 to 23 cm; dark grayish brown (lOYR 4/3) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate medium 
granular structure; friable; common very fine and fine roots 
throughout; abrupt smooth boundary. 
E—23 to 33 cm; dark brown (lOYR 4/2) silt loam; 
moderate thin platy structure; friable; common very fine and 
fine roots throughout; abrupt smooth boundary. This horizon 
had few lOYR 4/3 mixings. 
Btl—33 to 68 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; moderate fine subangular blocky structure; 
friable; common very fine and fine roots throughout; few very 
dark grayish brown (lOYR 3/2) discontinuous organic coats on 
faces of peds and in pores, and faint brown to dark brown 
(lOYR 4/3) clay films (cutans); clear smooth boundary. 
Bt2—68 to 98 cm; yellowish brown (lOYR 5/4) silt 
loam; common fine distinct brownish yellow (lOYR 6/8) mottles; 
moderate medium subangular blocky structure; friable; common 
very fine and fine roots throughout; few distinct very dark 
grayish brown (lOYR 3/2) discontinuous clay films (cutans) on 
faces of peds and in pores, and light brownish gray (lOYR 6/2) 
skeletans (sand or silt) on horizontal faces of peds; gradual 
smooth boundary. 
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BCt—98 to 140 cm; yellowish brown (lOYR 5/4) silt 
loam; common medium distinct brownish yellow (lOYR 6/8), light 
gray (10YR7/1), and brownish yellow (lOYR 6/8) mottles; weak 
coarse subangular blocky structure; friable; common very fine 
and fine roots throughout; few faint dark brown (lOYR 3/3) 
discontinuous clay films (cutans) on faces of peds and in 
pores, and commmon distinct light brownish gray (lOYR 6/2) 
patchy skeletans (sand or silt) on horizontal faces of peds; 
gradual smooth boundary. 
CI—140 to 185 cm; yellowish brown (lOYR 5/4) silt 
loam; many medium distinct light gray (lOYR 7/1), and common 
brownish yellow (lOYR 6/8) mottles; massive ; friable; common 
very fine and fine roots throughout; gradual smooth boundary. 
C2—185 to 245 cm; yellowish brown (lOYR 5/4) silt 
loam; common medium distinct light gray (lOYR 7/1), and 
brownish yellow (lOYR 6/8) mottles; massive; friable; gradual 
smooth boundary. Few reddish quartz grains ranging in size 
from 1 to 2 mm diameter. 
C3—245 to 291 cm; yellowish brown (lOYR 5/4) silt 
loam; massive; friable; slightly effervescent (HCl, 1 normal); 
gradual smooth boundary. 
C4/2Ab—291 to 320 cm; light yellowish brown (lOYR 6/4) 
silt loam; common medium distinct brownish yellow (lOYR 6/8), 
and mottles; weak fine subangular blocky structure; friable; 
few distinct very dark grayish brown (lOYR 3/2) discontinuous 
coats throughout; slightly effervescent (HCl, 1 normal); 
abrupt smooth boundary. The mottles were in concentric rings 
around darker coatings. This horizon may be a mixed zone of 
the basal loess paleosol (Farmdale Soil in Roxana Silt). 
3Btbl—320 to 369 cm; light gray to gray (lOYR 6/1) 
sandy clay loam; many coarse prominent reddish yellow (7.5YR 
6/8) mottles; weak fine subangular blocky structure; friable; 
abrupt smooth boundary. 
3Btb2--369 to 395 cm; light gray to gray (lOYR 6/1) 
sandy clay loam; common medium prominent reddish yellow (7.5YR 
6/8) mottles; weak fine subangular blocky structure; friable; 
abrupt smooth boundary. 
3BCb—395 to 493 cm; light gray to gray (lOYR 6/1) 
sandy loam; common fine and medium prominent reddish yellow 
(7.5YR 6/8) mottles; single grain; loose; clear smooth 
boundary. 
3BEtb—493 to 555 cm; light gray (lOYR 7/2) sandy clay 
loam; common to many medium prominent reddish yellow (7.5YR 
6/8), common fine prominent light red (2.5YR 6/8), common fine 
prominent red (2.5YR 4/8), many medium yellowish red (5YR 
5/8), and many fine distinct yellow (5Y 7/6) mottles; few 
distinct very dark brown (lOYR 2/2) discontinuous manganese or 
iron-manganese stains on vertical and horizontal faces of peds 
and few discontinuous clay films (cutans) throughout; weak 
fine subangular blocky structure; firm; clear smooth boundary. 
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The 5Y (7/6) mottles may be lithochromic from weathered shale 
fragments. 
4Btb3—555 to 589 cm; red (2.5YR 4/8) clay; many fine 
distinct yellowish red (5YR 5/8), common fine distinct light 
gray (lOYR 7/2), and common fine prominent reddish yellow 
(7.5YR 6/8) mottles; weak fine angular blocky structure; firm; 
few distinct very dark brown (lOYR 2/2) discontinuous 
manganese or iron-manganese stains throughout, and few 
continuous clay films (cutans); gradual smooth boundary. 
4Btb4—589 to 620 cm; red (2.5YR 4/8) clay; common fine 
distinct light gray (lOYR 7/2), and common fine distinct 
yellowish red (5YR 5/8) mottles; moderate fine angular blocky 
structure; firm; 5% sandstone; gradual smooth boundary. 
5Btb5—620 to 676 cm; red (2.5YR 4/8) clay; common fine 
distinct light gray (lOYR 7/2), common fine distinct brownish 
yellow (lOYR 6/8), and common medium prominent reddish yellow 
(7.5YR 7/8) mottles; strong fine angular blocky structure; 
firm; common prominent continuous clay films (cutans) 
throughout; abrupt smooth boundary. This horizon had a 
sandstone fragment in the lower 5 cm. 
6Btb6—676 to 740 cm; red (2.5YR 4/8) clay; common fine 
prominent light gray (lOYR 7/2), many fine prominent very pale 
brown (lOYR 7/3) and common fine distinct brownish yellow 
(lOYR 6/8) mottles; strong fine angular blocky structure; 
firm; common distinct continuous clay films (cutans) 
throughout, and few very dark brown (lOYR 2/2) discontinuous 
manganese or iron-manganese stains on faces of peds and in 
pores; abrupt smooth boundary. 
7Btb7—740 to 783 cm; yellow (lOYR 7/8) sandy clay; 
common fine prominent red (2.SYR 4/8) mottles; massive; firm; 
few distinct continuous clay films (cutans) throughout; abrupt 
smooth boundary. 
7BCtb—751 to 818+ cm; yellowish red (5YR 5/8) sandy 
clay and red (2.5YR 4/8) sandy clay; common fine distinct 
brownish yellow (lOYR 6/8), and common distinct very pale 
brown (lOYR 7/3) mottles; massive; firm; few distinct 
continuous clay films (cutans) throughout, and common 
prominent very dark brown (lOYR 2/2) discontinuous manganese 
or iron-manganese stains; gradual, smooth boundary. Shale 
content increases within this horizon. 
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Soils Series: Fayette 
Soil Survey # S90-IA-003-887 
Map Unit Symbol; 163B 
Location: Stop 7 (1988) Meyer's Field north of the road 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography: Ridge in glaciated uplands 
Geomorphic Position: shoulder headslope 
Slope characteristics: 1% 
Transect ID: 88-7 
Precipitation: udic moisture regime 
MLRA: 105 
Date: 02/90 
Ap—0 to 10 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate coarse 
granular structure parting to moderate medium granular; very 
friable; abrupt smooth boundary. 
E—10 to 22 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate medium 
platy structure; very friable; clear smooth boundary. 
BE—22 to 40 cm; dark grayish brown (lOYR 4/2) silt 
loam; weak fine subangular blocky structure; very friable; 
clear smooth boundary. 
Btl—40 to 73 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; strong medium subangular blocky structure 
parting to strong fine subangular blocky; friable; few 
distinct discontinuous clay films (cutans) on faces of peds; 
gradual smooth boundary. 
Bt2—73 to 93 cm; dark yellowish brown (lOYR 4/4) silt 
loam; moderate medium subangular blocky structure; friable; 
few faint dark yellowish brown (lOYR 3/4) discontinuous clay 
films (cutans) on faces of peds; gradual smooth boundary. 
Bt3—93 to 134 cm; yellowish brown (lOYR 5/4) silt 
loam; weak medium subangular blocky structure; friable; few 
faint discontinuous clay films (cutans) on faces of peds; 
gradual smooth boundary. 
BCt—134 to 182 cm; yellowish brown (lOYR 5/4) silt 
loam; weak medium subangular blocky structure; friable; few 
distinct discontinuous clay films (cutans) on faces of peds, 
and common light gray (lOYR 7/1) continuous skeletans (sand or 
silt) on faces of peds; gradual smooth boundary. 
C—182 to 200 cm; yellowish brown (lOYR 5/6) silt 
loam; massive; friable; clear smooth boundary. 
2Btbl—200 to 238 cm; strong brown (7.5YR 5/8) clay; 
common fine distinct yellowish red (5YR 5/8) mottles; weak 
fine subangular blocky structure; firm; few faint 
discontinuous clay films (cutans) and light gray (lOYR 7/1) 
skeletans (sand or silt) on faces of peds; gradual smooth 
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boundary. "Gritty" pedisediment. 
2Btb2—238 to 254 cm; strong brown (7.5YR 5/8) clay; 
weak fine subangular blocky structure; firm; few prominent 
black (lOYR 2/1) discontinuous manganese or iron-manganese 
stains on faces of peds, common distinct clay films (cutans), 
and few light gray (lOYR 7/1) skeletans (sand or silt)on faces 
of peds; 5% sandstone; clear smooth boundary. Large 
slickenside (?) along the bottom of a horizontal planar pore. 
"Gritty" pedisediment. 
3BCtb—254 to 274 cm; strong brown (7.5YR 5/8) clay; 
weak fine subangular blocky structure; firm; few distinct 
discontinuous clay films (cutans) and few skeletans (sand or 
silt) on faces of peds; 5% sandstone; clear smooth boundary. 
4Btb3—274 to 337 cm; yellowish red (5YR 5/8) clay; weak 
fine subangular blocky structure; firm; common distinct black 
(lOYR 2/1) continuous manganese or iron-manganese stains on 
faces of peds, few discontinuous clay films (cutans), and few 
faint skeletans (sand or silt); 5% limestone; abrupt smooth 
boundary. 
5Btb4—337 to 370 cm; strong brown (7.5YR 5/8) sandy 
clay; weak thin platy structure; firm; few distinct red (2.5YR 
5/8) discontinuous clay films (cutans) on faces of peds; 
abrupt smooth boundary. 
5Btb5—370 to 375 cm; strong brown (7.5YR 5/8) clay; 
massive; firm; common distinct continuous clay films (cutans) 
throughout; abrupt smooth boundary. 
5Crtl—375 to 398 cm; strong brown (7.5YR 5/8) sandy 
clay loam; massive; firm; few distinct continuous clay films 
(cutans) throughout, and prominent black (lOYR 2/1) manganese 
or iron-manganese stains on faces of peds; clear smooth 
boundary. 
6Crt2—398 to 431 cm; olive yellow (2.5Y 6/8) clay; 
common fine distinct white (lOYR 8/2) mottles; massive; firm; 
few distinct continuous clay films (cutans) throughout; abrupt 
smooth boundary. Zone of red clay between 418 and 428 cm. 
7Crt3—431 to 467 cm; dark brown (lOYR 3/3) clay loam; 
massive; firm; few distinct discontinuous clay films (cutans) 
on rock fragments; abrupt smooth boundary. Sandstone mixed 
with cherty limestone. 
8Cr4—467 to 487 cm; olive yellow (2.5Y 6/6); 
Weathered shale. 
9Cr—487 to 551 cm; sandstone (lOYR 6/4, 7/3); shale 
(lOYR 3/3); sandstone (lOYR 4/6, 7/6);. 
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Soils Series: Fayette 
Soil Survey # S90-IA-003-882 
Map Unit Symbol: 163B 
Location: Stop 2 (1988) Dean Meyer's alfalfa field south 
of the road along Burmeister's Ridge 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography: Ridge in glaciated uplands 
Geomorphic Position: backslope headslope 
Slope characteristics: 2% concave 
Transect ID: 88-2 
Precipitation: udic moisture regime 
MLRA: 105 
Date: 02/90 
Ap—0 to 25 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; weak fine platy 
structure parting to weak fine granular; very friable; abrupt 
smooth boundary. 
BE—25 to 40 cm; dark yellowish brown (lOYR 4/4) silt 
loam; brownish yellow (lOYR 6/6) dry; weak fine platy 
structure parting to weak fine subangular blocky; very 
friable; clear smooth boundary. 
Btl—40 to 55 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; moderate fine subangular blocky structure 
parting to moderate medium subangular blocky; very friable; 
few distinct continuous clay films (cutans) on faces of pads; 
gradual smooth boundary. 
Bt2—55 to 91 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; weak medium subangular blocky structure; 
friable; common distinct continuous clay films (cutans) on 
faces of peds; gradual smooth boundary. 
Bt3—91 to 111 cm; yellowish brown (lOYR 5/4) silt 
loam; common fine faint yellow (lOYR 7/8) mottles; weak medium 
prismatic structure; friable; common distinct continuous clay 
films (cutans) on faces of peds; gradual smooth boundary. 
Bt4—111 to 137 cm; yellowish brown (lOYR 5/4) silt 
loam; common fine faint yellow (lOYR 7/8) mottles; weak medium 
prismatic structure; friable; few distinct discontinuous clay 
films (cutans) on faces of peds, and common light gray (lOYR 
7/1) skeletans (sand or silt); gradual smooth boundary. 
BCt—137 to 157 cm; yellowish brown (lOYR 5/4) silt 
loam; many fine faint yellow (lOYR 7/8) mottles; weak medium 
prismatic structure; friable; few faint discontinuous clay 
films (cutans) on faces of peds; clear smooth boundary. 
Several 1-2 mm bands of lOYR 7/8 from perched water. 
C—157 to 193 cm; yellowish brown (lOYR 5/4) silt 
loam; common fine faint yellow (lOYR 7/8) mottles; massive; 
friable; clear smooth boundary. 
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C&2Btbl—193 to 200 cm; yellowish brown (lOYR 5/4), 
and reddish yellow (7.5YR 6/8) silt loam; massive; very 
friable; abrupt smooth boundary. 
2Btbl—200 to 210 cm; strong brown (7.SYR 5/8) clay; 
weak very fine subangular blocky structure; friable; few 
distinct continuous clay films (cutans) on faces of peds; 
clear smooth boundary. Pedisediment. 
2Btb2—210 to 220 cm; strong brown (7.5YR 5/8) clay 
loam; weak very fine subangular blocky structure; friable; few 
distinct continuous clay films (cutans) on faces of peds; 
clear smooth boundary. This horizon had a stoneline with 
igneous and metamorphic erratics. 
3Btb3—220 to 231 cm; reddish yellow (7.5YR 6/8) clay; 
weak very fine subangular blocky structure; friable; few 
distinct continuous clay films (cutans) on faces of peds; 
clear smooth boundary. 
3Btb4—231 to 243 cm; reddish yellow (7.5YR 6/8) sandy 
clay; weak very fine subangular blocky structure; friable; few 
distinct continuous clay films (cutans) on faces of peds; 
clear smooth boundary. 
3BCt—243 to 251 cm; reddish yellow (7.5YR 6/8) sandy 
clay; weak very fine subangular blocky structure; friable; 
common prominent red (2.5YR 5/6) continuous clay films 
(cutans) on faces of peds and in pores; 5% 
limestone-sandstone-shale; abrupt smooth boundary. This 
horizon had a band of red (2.5YR 5/6) clay accumulation. 
3Crt—251 to 304 cm; white (lOYR 8/2), and brownish 
yellow (lOYR 6/8) sandy clay loam; massive; firm; common 
distinct brownish yellow (lOYR 6/6) discontinuous clay films 
(cutans) on rock fragments, and few prominent black (lOYR 2/1) 
manganese or iron-manganese stains. 
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Soils Sériés; Fayette 
Soil Survey # S90-IA-000-873 
Map Unit Symbol: 163B 
Location: Stop 3 (1987,88) Bunneister' Ridge near the old 
farm lane 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography: Ridge in glaciated uplands 
Geomorphic Position: summit interfluve 
Slope characteristics: 2% 
Transect ID: 87-3 
MLRA: 105 
Date: 02/90 
Ap—0 to 22 cm; dark grayish brown (lOYR 4/2) silt 
loam; brown (lOYR 5/3) dry; weak medium granular structure; 
very friable; abrupt smooth boundary. This horizon included 
road gravels from the old farm lane (see pH data). 
El—22 to 38 cm; dark grayish brown (lOYR 4/2) silt 
loam; common fine faint brown (lOYR 5/3) mottles; strong 
medium platy structure; very friable; abrupt smooth boundary. 
E2—38 to 58 cm; light brownish gray (lOYR 6/2) silt 
loam; weak medium subangular blocky structure; very friable; 
few faint light gray (lOYR 7/2) discontinuous skeletans (sand 
or silt) on faces of peds; clear smooth boundary. 
Btl—58 to 88 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; moderate fine subangular blocky structure; 
very friable; few faint very dark grayish brown (lOYR 3/2) 
discontinuous clay films (cutans) on faces of peds and in 
pores, and light gray (lOYR 7/2) patchy skeletans (sand or 
silt) on faces of peds; gradual smooth boundary. 
Bt2—88 to 116 cm; dark yellowish brown (lOYR 4/4) 
silt loam; weak medium subangular blocky structure; friable; 
few faint very dark grayish brown (lOYR 3/2) discontinuous 
clay films (cutans) on faces of peds and in pores; gradual 
smooth boundary. 
BCt—116 to 175 cm; yellowish brown (lOYR 5/6) silt 
loam; common fine faint yellowish brown (lOYR 5/8), and light 
gray to gray (lOYR 6/1) mottles; weak medium subangular blocky 
structure; friable; few faint dark brown (lOYR 3/3) 
discontinuous clay films (cutans) on faces of peds and in 
pores; gradual smooth boundary. 
CI—175 to 220 cm; light gray to gray (lOYR 6/1) silt 
loam; common fine distinct yellowish brown (lOYR 5/8) mottles; 
massive; very friable; slightly effervescent (HCl, 1 normal); 
abrupt smooth boundary. 
C2—220 to 248 cm; light gray to gray (lOYR 6/1) silt 
loam; common fine distinct yellowish brown (lOYR 5/8) mottles; 
massive; very friable; slightly effervescent (HCl, 1 normal); 
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clear smooth boundary. 
C3—248 to 279 cm; olive yellow (2.5Y 6/6) silt loam; 
massive; very friable; few distinct brownish yellow (lOYR 6/8) 
continuous iron stains on horizontal faces of peds; strongly 
effervescent (HCl, 1 normal); abrupt smooth boundary. This 
horizon contained a 0.5 cm diameter "pipestem." 
C4—279 to 289 cm; light gray to gray (lOYR 6/1) silt 
loam; massive; very friable; strongly effervescent (HCl, 1 
normal); abrupt smooth boundary. 
C4&2Btbl—289 to 340 cm; light gray to gray (lOYR 6/1) 
silt loam (C4 part), and brown to dark brown (7.5YR 4/4) clay 
(2Btbl part); massive; very firm; few faint discontinuous clay 
films (cutans) on faces of peds; 10% limestone-sandstone; 
abrupt smooth boundary. This horizon was an periglacial(?) 
involution of calcareous loess and 2Btbl with a stoneline at 
289 cm. A weathered dolomite rock with inclusions of clay and 
iron oxide "balls" in rock pores occurred at 332-341 cm. 
2Btbl—340 to 370 cm; strong brown (7.5YR 4/6) clay; 
common fine distinct pale red (2.5YR 6/2) mottles; moderate 
fine subangular blocky structure; very firm; common distinct 
continuous clay films (cutans) throughout; gradual smooth 
boundary. 
2Btb2—370 to 386 cm; strong brown (7.5YR 5/6) clay; 
many fine distinct pale red (2.5YR 6/2) mottles; moderate fine 
subangular blocky structure; very firm; common distinct 
continuous clay films (cutans) throughout; 2% pebbles 
igneous-granite; clear smooth boundary. 
2Btb3—386 to 408 cm; strong brown (7.5YR 5/6) clay; 
common fine distinct light brownish gray (2.5Y 6/2) mottles; 
moderate fine subangular blocky structure; very firm; common 
distinct continuous clay films (cutans) throughout; clear 
smooth boundary. 
2BCtbl—408 to 426 cm; strong brown (7.5YR 5/8) clay; 
common fine distinct light brownish gray (2.5Y 6/2) mottles; 
weak fine subangular blocky structure; very firm; few distinct 
continuous clay films (cutans) throughout; gradual smooth 
boundary. A stoneline(?) of sandstone occurred at 410 cm. 
3Btb4—426 to 457 cm; strong brown (7.5YR 5/8) clay; 
many fine distinct light brownish gray (2.5Y 6/2), and common 
brownish yellow (lOYR 6/8) mottles; weak fine subangular 
blocky structure; very firm; few distinct discontinuous clay 
films (cutans) throughout; gradual smooth boundary. A 
weathered sandstone fragment occurred at 442-445 cm. 
4BCtb2—457 to 469 cm; reddish yellow (7.5YR 6/8) 
clay; common fine distinct light brownish gray (2.5Y 6/2) 
mottles; weak fine subangular blocky structure; very firm; few 
distinct discontinuous clay films (cutans) on faces of peds; 
clear smooth boundary. 
5Btb5—469 to 528 cm; strong brown (7.5YR 5/6) clay; 
many fine distinct light brownish gray (2.5Y 6/2) mottles; 
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weak fine subangular blocky structure; very firm; few distinct 
discontinuous clay films (cutans) on faces of peds; clear 
smooth boundary. The shale content increases below 471 cm. 
6Cr—528 to 541 cm; brownish yellow (lOYR 6/8) sandy 
clay; massive; very firm; abrupt smooth boundary. Shale and 
sandstone. 
7Cr—541 to 601 cm; strong brown (7.5YR 4/6) clay; 
massive; very firm; few distinct black (N 2/0) continuous 
manganese or iron-manganese stains on rock fragments. This 
horizon was a mixture of mostly sandstone with lesser amounts 
of shale (5GY 7/1) coarse fragments. 
Soils Series: Fayette 
Soil Survey # S90-IA-003-884 
Map Unit Symbol: 163C2 
Location: Stop 4 (1988) Burmeister's Ridge 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography; Ridge in glaciated uplands 
Geomorphic Position: backslope noseslope 
Slope characteristics: 3% 
Transect ID: 88-4 
Precipitation: udic moisture regime 
MLRA: 105 
Date: 02/90 
Ap—0 to 22 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; weak fine subangular 
blocky structure; friable; abrupt smooth boundary. This 
horizon had 5% lOYR 4/3 mixings. 
Btl—22 to 40 cm; yellowish brown (lOYR 5/6) silt 
loam; moderate fine subangular blocky structure; friable; few 
faint brown to dark brown (lOYR 4/3) discontinuous clay films 
(cutans) on faces of peds; clear smooth boundary. 
Bt2—40 to 68 cm; yellowish brown (lOYR 5/4) silty 
clay loam; strong fine subangular blocky structure; friable; 
common distinct brown to dark brown (lOYR 4/3) discontinuous 
clay films (cutans) on faces of peds; gradual smooth boundary. 
Bt3—68 to 114 cm; yellowish brown (lOYR 5/6) silty 
clay loam; common fine faint brownish yellow (lOYR 6/8) 
mottles; weak medium subangular blocky structure; friable; 
common faint brown to dark brown (lOYR 4/3) discontinuous clay 
films (cutans) on faces of peds, and distinct light gray 
(lOYR 7/2) continuous skeletans (sand or silt); gradual smooth 
boundary. 
BCt—114 to 149 cm; yellowish brown (lOYR 5/6) silt 
loam; common fine faint brownish yellow (lOYR 6/8) mottles; 
weak coarse subangular blocky structure; friable; few distinct 
brown to dark brown (lOYR 4/3) continuous clay films (cutans) 
on faces of peds and in pores, and light gray (lOYR 7/2) 
skeletans (sand or silt) on faces of peds; clear smooth 
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boundary. 
C—149 to 172 cm; brownish yellow (lOYR 6/6) silt 
loam; common fine distinct light brownish gray (lOYR 6/2) 
mottles; massive; friable; very few faint discontinuous clay 
films (cutans) on faces of peds; 1% limestone-cherty; abrupt 
smooth boundary. 
2Btbl—172 to 203 cm; yellowish brown (lOYR 5/6) clay; 
many medium prominent red (2.5YR 4/6), and common distinct 
grayish brown (lOYR 5/2) mottles; strong very fine subangular 
blocky structure; firm; many distinct brown (lOYR 5/3) 
continuous clay films (cutans) on faces of peds; abrupt smooth 
boundary. A stoneline separates the loess from paleosol. 
2Btb2—203 to 251 cm; reddish yellow (7.5YR 6/8), and 
yellowish brown (lOYR 5/8) sandy clay loam; common medium 
prominent red (2.5YR 4/8), and fine distinct light brownish 
gray (2.5Y 6/2) mottles; strong very fine subangular blocky 
structure; firm; few distinct brown to dark brown (7.5YR 4/2) 
continuous clay films (cutans) on faces of peds; clear smooth 
boundary. 
3BCtb—251 to 327 cm; strong brown (7.5YR 5/8) sandy 
clay loam; many medium prominent yellowish red (5YR 4/6), and 
common fine red (2.5YR 4/8) mottles; massive; friable; few 
faint discontinuous clay films (cutans) on faces of peds, and 
common distinct white (lOYR 8/1) skeletans over cutans; 
gradual smooth boundary. 
3BCtb2—327 to 388 cm; strong brown (7.5YR 5/8) sandy 
clay loam; many medium prominent yellowish red (5YR 5/8), 
common fine red (2.5YR 4/8), and common faint greenish gray 
(5G 6/1) mottles; massive; friable; few faint discontinuous 
clay films (cutans) on faces of peds, and distinct white (lOYR 
8/1) skeletans over cutans; gradual smooth boundary. The 5G 
6/1 mottles are lithochromic from weathered shale 
(glauconite). 
4Btb4—388 to 408 cm; dark yellowish brown (lOYR 4/6) 
clay; common fine prominent yellowish red (5YR 5/8) mottles; 
strong very fine angular blocky structure; firm; few distinct 
continuous clay films (cutans) on faces of peds; few iron 
concretions; clear smooth boundary. 
5Cr—408 to 419 cm sandy clay; massive; sandstone and 
shale fragments. 
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Soils Series: Fayette 
Soil Survey # S90-IA-003-874 
Map Unit Symbol; 163B 
Location: Stop 4 (1987) Burmeister's Ridge 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography: Ridge in glaciated uplands 
Geomorphic Position: shoulder interfluve 
Slope characteristics: 1% 
Transect ID: 87-4 
Precipitation: udic moisture regime 
MLRA: 105 
Date: 02/90 
Ap—0 to 22 cm; brown to dark brown (lOYR 4/3) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate medium 
granular structure parting to moderate fine granular; very 
friable; abrupt smooth boundary. 
BE—22 to 33 cm; yellowish brown (lOYR 5/6) silt loam; 
weak thin platy structure; very friable; clear smooth 
boundary. 
Btl—33 to 48 cm; yellowish brown (lOYR 5/6) silty 
clay loam; moderate fine subangular blocky structure; very 
friable; few faint discontinuous clay films (cutans) on faces 
of peds; clear smooth boundary. 
Bt2—48 to 66 cm; yellowish brown (lOYR 5/8) silty 
clay loam; moderate medium subangular blocky structure; very 
friable; common distinct continuous clay films (cutans) and 
few faint light brownish gray (lOYR 6/2) discontinuous 
skeletans (sand or silt) on faces of peds; clear smooth 
boundary. 
Bt3—66 to 116 cm; yellowish brown (lOYR 5/8) silty 
clay loam; moderate medium subangular blocky structure; very 
friable; common distinct continuous clay films (cutans) and 
few faint light brownish gray (lOYR 6/2) discontinuous 
skeletans (sand or silt) on faces of peds; clear smooth 
boundary. 
Bt4—116 to 137 cm; yellowish brown (lOYR 5/8) silt 
loam; weak medium subangular blocky structure; very friable; 
few faint discontinuous clay films (cutans) and very few 
skeletans (sand or silt) on faces of peds; gradual smooth 
boundary. 
CI—137 to 162 cm; brownish yellow (lOYR 6/6) silt 
loam; common fine faint yellowish brown (lOYR 5/8) mottles; 
massive; very friable; gradual smooth boundary. 
C2—162 to 185 cm; brown (lOYR 5/3) silt loam; 
massive; very friable; slightly effervescent (HCl, 1 normal); 
abrupt smooth boundary. Iron bands (7.5YR 5/8) near base of 
horizon. 
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2Ab—185 to 215 cm; dark yellowish brown (lOYR 4/4), 
and grayish brown (lOYR 5/2) silt loam; massive; firm; few 
prominent black (lOYR 2/1) discontinuous manganese or 
iron-manganese stains on faces of peds; slightly effervescent 
(HCl, 1 normal); abrupt smooth boundary. Iron band between 
197 - 204 cm. Basal loess paleosol. 
3Btbl—215 to 261 cm; yellowish red (5YR 4/6) clay; 
many fine and medium distinct red (2.5YR 4/8), and common fine 
faint very pale brown (lOYR 7/3) mottles; weak fine subangular 
blocky structure; firm; few faint discontinuous clay films 
(cutans) on faces of peds; abrupt smooth boundary. 
3Btb2—261 to 284 cm; yellowish red (5YR 4/6) sandy 
clay; commonfine distinct red (2.5YR 4/8), and many prominent 
reddish yellow (7.5YR 7/8) mottles; weak thin platy structure; 
very firm; few faint discontinuous clay films (cutans) on 
faces of peds; abrupt smooth boundary. 
4Btb3—284 to 304 cm; strong brown (7.5YR 5/8) clay; 
many medium prominent red (2.5YR 4/8), and fine distinct light 
yellowish brown (lOYR 6/4) mottles; strong fine angular blocky 
structure parting to moderate fine subangular blocky; firm; 
common distinct continuous clay films (cutans) on faces of 
peds, and few prominent black (lOYR 2/1) discontinuous 
manganese or iron-manganese stains; abrupt smooth boundary. 
4Btb4—304 to 317 cm; strong brown (7.5YR 4/6) sandy 
clay; common fine distinct red (2.5YR 4/8) mottles; weak thin 
platy structure; firm; common distinct continuous clay films 
(cutans) on faces of peds, and few discontinuous manganese or 
iron-manganese stains; abrupt smooth boundary. 
4Btb5—317 to 330 cm; strong brown (7.5YR 4/6) clay; 
many fine distinct red (2.5YR 4/6) mottles; moderate fine 
subangular blocky structure; firm; common distinct continuous 
clay films (cutans) on faces of peds, and few discontinuous 
manganese or iron-manganese stains; abrupt smooth boundary. 
4Btb6—330 to 342 cm; yellow (lOYR 8/6) clay; strong 
fine angular blocky structure; very firm; common prominent red 
(2.5YR 4/6) continuous clay films (cutans) throughout, and few 
distinct black (lOYR 2/1) discontinuous manganese or 
iron-manganese stains on faces of peds; abrupt smooth 
boundary. 
5Btb7—342 to 378 cm; strong brown (7.5YR 4/6), and 
yellowish brown (lOYR 5/8) sandy clay; weak medium subangular 
blocky structure; firm; common prominent red (2.5YR 4/6) 
continuous clay films (cutans) throughout, and few distinct 
discontinuous manganese or iron-manganese stains on faces of 
peds; gradual smooth boundary. 
5Btb8—378 to 391 cm; strong brown (7.5YR 4/6) sandy 
clay; weak fine subangular blocky structure; firm; few 
prominent continuous clay films (cutans) throughout, and few 
distinct discontinuous manganese or iron-manganese stains on 
faces of peds; gradual smooth boundary. 
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5BCtb—391 to 467 cm; brownish yellow (lOYR 6/8) sandy 
clay; weak medium subangular blocky structure parting to weak 
fine subangular blocky; firm; few distinct strong brown (7.5YR 
4/6) discontinuous clay films (cutans) on faces of peds, and 
few black (lOYR 2/1) manganese or iron-manganese stains; clear 
smooth boundary. Concentric mass of Mn, Fe and clay (7.SYR 
4/4) between 457-468 cm with three layers of oxides and clay. 
SCrtb—467 to 497 cm; brownish yellow (lOYR 6/8) loamy 
sand; single grain; loose; few faint discontinuous clay films 
(cutans) on rock fragments. 
Soils Series: Fayette 
Soil Survey # S90-IA-003-886 
Map unit symbol: 163B 
Location: Stop 6 (1988) Burmeister's Ridge 
Classification; fine-silty, mixed, mesic Typic Hapludalfs 
Physiography: Ridge in glaciated uplands 
Geomorphic Position: shoulder noseslope 
Slope characteristics: 2% convex 
Transect ID: 88-6 
Precipitation: udic moisture regime 
MLRA: 105 
Date: 02/90 
Ap—0 to 7 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate fine 
granular structure parting to moderate medium granular; very 
friable; abrupt smooth boundary. 
E—7 to 17 cm; grayish brown (lOYR 5/2) silt loam; 
light brownish gray (lOYR 6/2) dry; weak medium platy 
structure; very friable; abrupt smooth boundary. This horizon 
had 20% lOYR 5/6 mixings. 
Btl—17 to 30 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; strong very fine subangular blocky structure; 
friable; few faint discontinuous clay films (cutans) on faces 
of peds; gradual smooth boundary. 
Bt2—30 to 43 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; strong fine subangular blocky structure; 
friable; few faint discontinuous clay films (cutans) on faces 
of peds; gradual smooth boundary. 
Bt3—43 to 58 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; moderate medium subangular blocky structure; 
friable; few faint discontinuous clay films (cutans) on faces 
of peds; clear smooth boundary. 
BCt—58 to 106 cm; dark yellowish brown (lOYR 4/6) 
silt loam; moderate fine prismatic structure parting to weak 
medium subangular blocky; friable; few faint discontinuous 
clay films (cutans) on faces of peds, and common distinct 
light gray (lOYR 7/2) continuous skeletans (sand or silt); 
abrupt smooth boundary. 
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C&2BEb—106 to 111 cm; yellowish brown (lOYR 5/4) silt 
loam; massive; friable; abrupt smooth boundary. This is a 
mixed zone (106-111 cm) with a stoneline at the top. 
C—111 to 137 cm; yellowish brown (lOYR 5/4) silt 
loam; massive; very friable; gradual smooth boundary. 
2BEb&C—137 to 162 cm; yellowish brown (lOYR 5/4) 
loam; massive; friable; abrupt smooth boundary. Mixed zone 
composed of loess, sandstone and limestone. 
2BEb—162 to 175 cm; yellowish brown (lOYR 5/4) loamy 
sand; single grain; loose; abrupt smooth boundary. Basal 
sandy zone above the 2Btb. 
2Btb—175 to 185 cm; red (2.5YR 4/6) sandy clay loam; 
weak fine subangular blocky structure; very friable; few faint 
discontinuous clay films (cutans) on surfaces of peds; few 
distinct black (lOYR 2/1) discontinuous manganese 
oriron-manganese stains on faces of peds; abrupt smooth 
boundary. 
2Crt—185 to 203 cm; yellowish red (5YR 5/8) loamy 
sand; common fine faint reddish yellow (5YR 7/8) mottles; 
single grain; loose; few faint discontinuous clay films 
(cutans) on surfaces of rock fragments; 10% sandstone; clear 
smooth boundary. 
2Cr—203 to 220 cm; yellowish red (5YR 5/8) sandy 
loam; single grain; loose. 
Soils Series: Southridge 
Soil Survey # S90-IA-003-885 
Map unit Symbol: 837C2 
Location; Stop 5 (1988) Burmeister's Ridge 
Classification: fine-silty over clayey, mixed, mesic 
Typic Paleudalfs 
Physiography: Pediment on glaciated upland 
Geomorphic position: shoulder noseslope 
Slope characteristics: 8% convex 
Drainage class: well drained 
Transect ID: 88-5 
MLRA: 105 
Date: 02/90 
Ap—0 to 7 cm; grayish brown (lOYR 5/2) silt loam; 
light brownish gray (lOYR 6/2) dry; moderate medium granular 
structure; very friable; abrupt smooth boundary. 
E—7 to 17 cm; dark grayish brown (lOYR 4/2) silt 
loam; pale brown (lOYR 6/3) dry; moderate fine platy 
structure; very friable; abrupt smooth boundary. 
BE—17 to 27 cm; yellowish brown (lOYR 5/6) silty clay 
loam; pale brown (lOYR 6/3) dry; moderate fine platy 
structure; very friable; clear smooth boundary. 
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Btl—27 to 50 cm; yellowish brown (lOYR 5/4) silty 
clay loam; strong fine subangular blocky structure; very 
friable; common distinct discontinuous clay films (cutans) 
throughout, and common light gray (lOYR 7/2) continuous 
skeletans (sand or silt) on faces of peds; clear smooth 
boundary. 
Bt2—50 to 60 cm; yellowish brown (lOYR 5/4) silty 
clay loam; strong medium subangular blocky structure parting 
to moderate fine subangular blocky; very friable; few distinct 
continuous clay films (cutans) on faces of peds and in pores, 
and common light gray (lOYR 7/2) skeletans (sand or silt); 
clear smooth boundary. 
Bt3—60 to 76 cm; yellowish brown (lOYR 5/6) silty clay 
loam; moderate medium prismatic structure; friable; common 
distinct continuous clay films (cutans) on faces of peds, and 
common light gray (lOYR 7/2) skeletans (sand or silt) on faces 
of peds; abrupt smooth boundary. 
2Btbl—76 to 101 cm; red (2.5YR 4/6), and reddish 
brown (2.5YR 4/4) clay; moderate fine prismatic structure 
parting to strong fine subangular blocky; firm; common 
distinct dark yellowish brown (lOYR 4/4) continuous clay films 
(cutans) throughout, and few black (lOYR 2/1) discontinuous 
manganese or iron-manganese stains on faces of peds; gradual 
smooth boundary. 
3Btb2—101 to 134 cm; reddish brown (2.5YR 4/4) clay; 
common fine distinct reddish yellow (7.5YR 6/6) mottles; 
strong fine subangular blocky structure; very firm; common 
distinct dark yellowish brown (lOYR 4/4) continuous clay films 
(cutans) throughout, and few black (lOYR 2/1) discontinuous 
manganese or iron-manganese stains on faces of peds and in 
pores; gradual smooth boundary. Some of the clay films may be 
pressure faces. 
4Btb3—134 to 160 cm; reddish brown (2.5YR 4/4) clay; 
strong very fine subangular blocky structure; very firm; few 
distinct continuous clay films (cutans) on faces of peds and 
in pores; gradual smooth boundary. 
4Btb4—160 to 187 cm; red (2.5YR 5/6) clay; common 
fine distinct reddish yellow (7.5YR 6/6) mottles; moderate 
very fine subangular blocky structure; very firm; few distinct 
discontinuous clay films (cutans) on faces of peds and in 
pores; 5% 1imestone-cherty; abrupt smooth boundary. 
5Crtl—187 to 205 cm; reddish yellow (7.5YR 7/8) sandy 
clay loam; massive; very firm; few distinct brown to dark 
brown (7.5YR 4/4) discontinuous clay films (cutans) on rock 
fragments; clear smooth boundary. 
5Crt2—205 to 220 cm; reddish yellow (7.5YR 7/8) clay; 
massive; very firm; common distinct brown to dark brown (7.5YR 
4/4) continuous clay films (cutans) on rock fragments; gradual 
smooth boundary. 
6Crt3—220 to 248 cm; strong brown (7.5YR 5/8) clay; 
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massive; very firm; few distinct discontinuous clay films 
(cutans) on rock fragments. This horizon was a mixed zone of 
limestone, chert, and shale. 
Soils Series: Fayette 
Soil Survey # S90-IA-000-875 
Map Unit Symbol: 163C 
Location: Stop 5 (1987) Burmeister's Ridge 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography; Ridge in glaciated uplands 
Geomorphic Position: backslope noseslope 
Slope characteristics: 3% 
Transect ID: 87-5 
MLRA: 105 
Date; 02/90 
Ap—0 to 7 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; weak fine granular 
structure; very friable; abrupt smooth boundary. 
BE—7 to 15 cm; dark yellowish brown (lOYR 4/6) silty 
clay loam; yellowish brown (lOYR 5/6) dry; weak fine platy 
structure parting to weak fine subangular blocky; very 
friable; clear smooth boundary. 
Btl—15 to 33 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; yellowish brown (lOYR 5/6) dry; moderate fine 
subangular blocky structure; very friable; few distinct 
continuous clay films (cutans) on faces of peds; gradual 
smooth boundary. 
Bt2—33 to 48 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; moderate fine subangular blocky structure; 
very friable; common distinct continuous clay films (cutans) 
on faces of peds, few faint discontinuous manganese or 
iron-manganese stains, and few distinct continuous skeletans 
(sand or silt) on faces of peds; gradual smooth boundary. 
Bt3—48 to 76 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; moderate medium subangular blocky structure; 
very friable; few distinct continuous clay films (cutans) on 
faces of peds, few distinct continuous skeletans (sand or 
silt), and few faint discontinuous manganese or 
iron-manganese stains on faces of peds; gradual smooth 
boundary. 
Bt4—76 to 106 cm; yellowish brown (lOYR 5/6) silt 
loam; weak fine prismatic structure; very friable; common 
distinct continuous clay films (cutans) on faces of peds, and 
few discontinuous manganese or iron-manganese stains; gradual 
smooth boundary. 
BCt—106 to 134 cm; brownish yellow (lOYR 6/6) silt 
loam; weak medium subangular blocky structure; very friable; 
few faint discontinuous clay films (cutans) on faces of peds. 
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and few distinct continuous skeletans (sand or silt); gradual 
smooth boundary. 
CI—134 to 175 cm; yellowish brown (lOYR 5/4) 
siltloam; many fine faint brownish yellow (lOYR 6/6) mottles; 
massive; very friable; few faint discontinuous skeletans (sand 
or silt) on faces of peds; gradual smooth boundary. 
C2—175 to 195 cm; yellowish brown (lOYR 5/4) silt 
loam; common fine faint brownish yellow (lOYR 6/6), light 
brownish gray (lOYR 6/2), and brownish yellow (lOYR 6/6) 
mottles; massive; very friable; slightly effervescent (HCl, 1 
normal); gradual smooth boundary. Light brownish gray (lOYR 
6/2) bands from perched water (?). 
C3—195 to 208 cm; yellowish brown (lOYR 5/4), and 
light brownish gray (lOYR 6/2) silt loam; many fine faint 
brownish yellow (lOYR 6/6) mottles; massive; friable; strongly 
effervescent (HCl, 1 normal); abrupt smooth boundary. Weak 
platiness from 203 to 209 cm. Base of horizon was lOYR 6/2. 
with light brownish gray (lOYR 6/2) bands from perched water 
(?). 
2Btbl—208 to 236 cm; red (2.5YR 4/6) clay; common 
fine prominent brownish yellow (lOYR 6/6) mottles; moderate 
fine subangular blocky structure; firm; common distinct 
continuous clay films (cutans) throughout; gradual smooth 
boundary. Pedisediment with « 50% mixed sedimentary rocks and 
few metamorphics. 
2Btb2—236 to 256 cm; reddish brown (2.5YR 4/4) clay; 
moderate fine subangular blocky structure; firm; common 
distinct continuous clay films (cutans) on faces of peds; 25% 
limestone-cherty; gradual smooth boundary. 
2Btb3—256 to 269 cm; reddish brown (5YR 4/4) clay; 
weak fine subangular blocky structure; firm; common distinct 
continuous clay films (cutans) throughout; 50% limestone and 
shale; clear smooth boundary. 
2Btb4—269 to 302 cm; reddish brown (5YR 4/4) clay; 
moderate fine subangular blocky structure; firm; common 
distinct continuous clay films (cutans) throughout; 5% pebbles 
limestone-cherty; clear smooth boundary. 
3Crt—302 to 312 cm; reddish brown (5YR 4/4) clay; 
massive; firm; few distinct dark yellowish brown (lOYR 4/4) 
continuous clay films (cutans) throughout; clear smooth 
boundary. 
4Cr—312 to 330 cm; light gray (lOYR 7/1) sand; single 
grained; clay (from shale) may be present below 320 cm. This 
horizon was calcareous sandstone. 
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Soils Series : Fayette 
Soil Survey # S90-IA-003-876 
Map Unit Symbol; 163C2 
Location: Stop 6 (1987) Burmeister's Ridge (near the new 
barn) 
Classification: fine-silty, mixed, mesic Typic Hapludalfs 
Physiography; Ridge in glaciated uplands 
Geomorphic Position: shoulder headslope 
Slope characteristics: 5% 
Transect ID: 87-6 
Precipitation; udic moisture regime 
MLRA; 105 
Date: 02/90 
Ap—0 to 10 cm; dark grayish brown (lOYR 4/2) silt 
loam; light brownish gray (lOYR 6/2) dry; moderate medium 
platy structure; very friable; abrupt smooth boundary. 
BE—10 to 22 cm; yellowish brown (lOYR 5/6) silt loam; 
many fine distinct dark grayish brown (lOYR 4/2) mottles; weak 
fine subangular blocky structure; very friable; few distinct 
dark grayish brown (lOYR 4/2) discontinuous organic coats on, 
faces of peds and in pores; clear smooth boundary. 
Btl—22 to 38 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; weak medium subangular blocky structure 
parting to weak fine subangular blocky; very friable; few 
distinct discontinuous clay films (cutans) on faces of peds 
and in pores; gradual smooth boundary. 
Bt2—38 to 58 cm; dark yellowish brown (lOYR 4/6) 
silty clay loam; moderate fine subangular blocky structure; 
very friable; few distinct discontinuous clay films (cutans); 
gradual smooth boundary. 
Bt3—58 to 73 cm; dark yellowish brown (lOYR 4/4) 
silty clay loam; weak medium subangular blocky structure 
parting to weak fine subangular blocky; very friable; few 
distinct brown to dark brown (lOYR 4/3) continuous clay films 
(cutans) throughout; gradual smooth boundary. 
Bt4—73 to 124 cm; yellowish brown (lOYR 5/6) silt 
loam; weak medium prismatic structure parting to weak medium 
subangular blocky; very friable; few distinct dark yellowish 
brown (lOYR 4/4) discontinuous clay films (cutans) throughout, 
and light gray (lOYR 7/1) continuous skeletans (sand or silt) 
on faces of peds; clear smooth boundary. The base of this 
horizon (113-124 cm) was a mixed zone of loess and 
pedisediment. 
2Btb5—124 to 132 cm; strong brown (7.5YR 4/6) clay; 
weak fine subangular blocky structure; firm; This horizon was 
pedisediment from mixed material.; few faint discontinuous 
clay films (cutans) on faces of peds, and distinct black 
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(lOYR 2/1) manganese or iron-manganese stains; 3% limestone 
and shale; abrupt smooth boundary. 
3Crt—132 to 142 cm; yellow (lOYR 7/6) sandy clay; 
massive; few distinct dark yellowish brown (lOYR 4/4) 
continuous clay films (cutans) throughout, and few black (lOYR 
2/1) discontinuous manganese or iron-manganese stains on faces 
of peds; abrupt smooth boundary. This horizon was formed in 
weathered shale. 
4Cr—142 to 200 cm; brownish yellow (lOYR 6/6), dark 
yellowish brown (lOYR 4/6), and white (lOYR 8/1) sand; single 
grain; loose. Weathered sandstone with thin stringers of shale 
(5GY 6/1). 
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APPENDIX B: SOIL CHARACTERIZATION DATA 
List of Abbreviations 
Ldpcm - Lower horizon depth in centimeters 
Mptcm - Horizon midpoint in centimeters 
Sand - Sand content (%) 
CoSi - Coarse silt content (%) 
FiSi - Fine silt content (%) 
Clay - Clay content (%) 
FiC - Fine clay content (%) 
FC/TC - Fine/total clay ratio 
Text. - Textural class 
pH - soil reaction 
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Stop 1 (1988): Upper Iowa River 
FiC FC/TC Text. SampleLdpcm Mptcm Sand CoSi FiSl Clay 
88101 23 11 4 44 36 16 sil 6 . 4  
88102 33 28 3 41 39 18 sil 6 . 6  
88103 50 41 3 37 34 26 sil 6 . 4  
88104 68 59 3 37 31 29 sicl 6 . 3  
88105 81 74 4 44 27 25 sil 5 . 8  
88106 98 89 4 45 27 25 sil 5 . 5  
88107 110 104 4 42 29 25 sil 5 . 5  
88108 125 118 3 43 28 25 sil 5 . 5  
88109 140 133 3 40 31 26 sil 5 . 4  
88110 155 148 3 41 31 26 sil 5 . 5  
88111 170 163 4 46 29 21 sil 5 . 6  
88112 185 178 3 44 31 22 sil 5 . 7  
88113 200 193 3 44 33 20 sil 5 . 8  
88114 215 208 4 46 29 22 sil 5 . 9  
88115 230 223 4 45 31 20 sil 6 . 3  
88116 245 238 5 47 33 15 sil 6 . 9  
88117 260 253 5 48 34 13 sil 7 . 5  
88118 275 268 7 50 30 13 sil 7 . 7  
88119 291 283 14 45 27 15 sil 7 . 9  
88121 303 297 17 36 31 16 sil 7 . 8  
88122 311 307 39 26 16 19 loam 7 . 5  
88123 320 316 13 40 29 18 7 0.41 sil 7 . 6 -
88124 333 326 55 3 6 36 28 0 . 7 7  scl 7 . 2  
88125 349 341 60 2 4 34 scl 7 . 3  
88126 369 359 61 2 3 34 26 0 . 7 7  scl 7 . 4  
88127 383 376 62 2 3 33 
0 . 8 3  
scl 7 . 4  
88128 395 389 66 2 3 30 25 scl 7 . 4  
88129 415 405 76 2 3 19 
0 . 8 8  
si 7 .4 
88130 430 423 81 2 2 15 13 si 7 . 4  
88131 445 438 77 2 2 19 si 7 . 5  
88132 463 454 78 1 2 20 
0 . 7 9  
.scl 7 . 5  
88133 478 470 77 1 1 21 17 scl 7 . 4  
88134 493 485 77 0 1 22 scl 7 . 5  
88135 509 501 67 1 2 30 23 0 . 7 5  scl 7 . 5  
88136 519 514 73 -0 1 26 scl 7 . 5  
88137 528 523 72 0 1 26 scl 7 . 5  
88138 541 534 67 1 3 30 scl 7 . 5  
88139 555 548 68 1 2 29 
0 . 6 3  
scl 7 . 5  
88141 571 563 51 2 5 43 27 sc 7 . 3  
88142 589 580 62 1 5 33 18 0.56" scl 7 . 3  
88143 605 597 35 3 10 53 20 0 . 3 7  clay 7 . 3  
88144 620 613 24 2 9 66 42 0 . 6 3  clay 7 . 2  
88145 633 626 12 2 9 78 56 0 . 7 3  clay 7 . 2  
88146 645 639 7 2 7 84 62 0.74 clay 7 . 2  
88147 650 648 66 0 2 31 25 0.80 scl 7 . 3  
88148 663 656 14 2 8 76 55 0 . 7 2  clay 7 . 2  
88149 676 669 7 1 6 87 58 0 . 6 7  clay 7 . 1  
88150 690 683 28 0 5 66 49 0 . 7 3  clay 7 . 2  
88151 703 696 49 0 4 47 33 0.70 sc 7 . 4  
88152 715 709 76 1 1 23 18 0 . 8 0  scl 7 . 4  
88153 729 722 69 2 2 27 22 0.82 scl 7 . 5  
88154 740 734 45 6 7 42 30 0 . 7 1  sc-c 7 . 3  
88155 755 748 38 4 17 41 23 0 . 5 7  clay 7 . 3  
88156 770 763 15 4 15 67 45 0 . 6 7  clay 7 . 2  
88157 783 776 26 3 12 59 38 0.64 clay 7 . 2  
88158 800 791 55 0 3 41 32 0 . 7 7  sc 7 . 4  
88159 818 809 71 1 3 26 19 0 . 7 6  scl 7 . 4  
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Stop 7 (1988) : Burmeister's Ridge 
SampleLdpcm Mptcm Sand GoSi FiSi 
88701 11 6 6 43 35 
88702 23 17 4 44 35 
88703 41 32 3 39 37 
88704 56 49 3 37 31 
88705 74 65 4 38 29 
88706 94 84 6 44 25 
88707 110 102 5 46 25 
88708 134 122 5 44 27 
88709 150 142 5 44 27 
88710 165 158 7 47 25 
88711 183 174 6 50 24 
88712 200 192 9 47 24 
88713 213 207 9 33 27 
88714 226 220 10 20 21 
88715 240 233 9 12 15 
88716 253 247 9 8 14 
88717 264 259 26 5 7 
88718 275 270 42 3 5 
88719 290 283 15 5 9 
88721 305 298 9 1 7 
88722 320 313 6 2 11 
88723 337 329 12 3 14 
88724 342 340 49 3 4 
88725 354 348 58 1 3 
88726 370 362 62 1 3 
88727 377 374 39 3 12 
88728 383 380 53 4 13 
88729 400 392 46 5 13 
88730 418 409 14 6 21 
88731 428 423 6 2 14 
88732 433 431 10 5 14 
88733 444 439 41 15 17 
88734 453 449 nd nd nd 
88735 467 460 38 9 16 
Stop 2 (1988) ; Burmeister 's Ridge 
SampleLdpcm Mptcm Sand CoSi FiSi 
88201 26 13 4 44 36 
88202 41 34 3 38 34 
88203 57 49 3 37 31 
88204 72 65 3 40 29 
88205 91 82 3 43 29 
88206 113 102 2 41 32 
88207 125 119 3 44 31 
88208 138 132 3 43 32 
88209 158 148 3 42 33 
88210 178 168 4 43 33 
88211 193. 186 11 39 31 
88212 200 197 24 30 22 
88213 210 205 17 15 20 
88214 220 215 36 • 12 13 
88215 230 225 34 4 4 
88216 244 237 58 4 3 
88217 252 248 53 3 4 
88218 262 257 75 1 3 
88219 273 268 68 2 4 
88222 292 283 61 2 6 
88223 305 299 60 1 4 
FiC FC/TC Text. pH 
7 0.43 sil 7 . 3  
7 0.43 sil 7 . 3  
, 9 0.43 sil 7 . 3  
15 0 . 5 3  sicl 6 . 8  
16 0.56 sicl 5 . 1  
15 0 . 5 9  sil 5 . 2  
14 0 . 5 5  sil 5 . 2  
14 0.54 sil 5 . 1  
14 0 . 5 5  sil 5 . 0  
12 0 . 5 5  sil 5 . 3  
11 0 . 5 5  sil 5 . 2  
12 0 . 5 6  sil 5 . 1  
20 0.64 sicl 5 . 2  
34 0 . 6 9  clay 5 . 3  
43 0 . 6 7  clay 5 . 4  
47 0 . 6 8  clay 5 . 4  
46 0 . 7 4  clay 5 . 4  
37 0 . 7 3  clay 5 . 4  
54 0 . 7 5  clay 5 . 3  
60 0 . 7 2  clay 5 . 3  
58 0 . 7 2  clay 5 . 3  
50 0 . 7 0  clay 5 . 2  
28 0 . 6 4  sc 5 . 4  
26 0 . 6 8  sc 5 . 5  
23 0 . 7 0  scl 5 . 6  
30 0 . 6 5  clay 5 , 6  
18 0 . 5 9  scl 5 . 7  
25 0 . 6 7  sc 5 . 6  
43 0 . 7 3  clay 5 . 6  
61 0 . 7 8  clay 5 . 6  
57 0 . 8 0  clay 5 . 6  
16 0 . 5 7  cl 5 . 9  
nd nd nd 
22 0 . 5 9  cl 
C FC/TC Text. pH 
7 0.44 sil 6 . 7  
12 0.50 sil 6 . 7  
16 0.54 sicl 6 . 0  
15 0.55 sicl 5 . 1  
14 0 . 5 3  sil 5 . 2  
13 0 . 5 2  sil 5 . 2  
12 0.55 sil 5 . 3  
12 0.53 sil 5 . 3  
12 0.54 sil 5 . 2  
12 0.56 sil 5 . 3  
12 0 . 6 2  sil 5 . 2  
15 0.64 sil 5 . 3  
36 0 . 7 3  clay 5 . 3  
29 0 . 7 3  cl 5 . 6  
41 0 . 7 1  clay 5 . 6  
27 0 . 7 6  scl-sc 5 . 5  
32 0 . 7 9  sc 5 . 6  
17 0 . 8 2  scl 5 . 8  
21 0 . 7 7  scl 5 . 7  
25 0 . 7 7  scl 5 . 6  
27 0 . 7 6  scl-sc 5 . 6  
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Clay 
16 
16 
21 
28 
29 
25 
25 
25 
25 
21 
20 
21 
31 
49 
64 
69 
63 
51 
72 
83 
81 
71 
44 
38 
34 
46 
31 
37 
58 
78 
71 
28 
nd 
37 
Clay 
16 
25 
29 
27 
26 
26 
22 
22 
23 
21 
19 
23 
49 
39 
58 
35 
40 
21 
27 
32 
35 
Stop 3 (1987): Burmelster's 
Sample Ldpcm Mptcm Sand 
87301 22 11 11 
87302 37 30 3 
87303 47 42 3 
87304 58 53 3 
87305 73 66 4 
87306 88 81 4 
87307 102 95 5 
87308 117 110 4 
87309 130 124 4 
87310 145 138 4 
87311 160 153 3 
87312 176 168 4 
87313 190 183 4 
87314 205 198 4 
87315 220 213 3 
87316 235 228 3 
87317 250 243 5 
87318 264 257 6 
87319 279 272 3 
87321 289 284 3 
87322 305 297 15 
87323 315 310 7 
87324 332 324 11 
87325 356 344 18 
87326 371 364 22 
87327 387 379 35 
87328 401 394 26 
87329 410 406 25 
87330 427 419 29 
87331 442 435 12 
87332 456 449 22 
87333 471 464 42 
87334 488 480 20 
87335 500 494 28 
87336 514 507 17 
87337 528 521 16 
87338 541 535 45 
87339 565 553 19 
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FiSi Clay Text. pH 
35 14 sil 7 . 5  
44 14 sil 7 . 5  
42 16 sil 7 . 2  
38 23 sil 6 . 9  
30 27 sil-sicl 6 . 2  
30 25 sil 5 . 5  
29 22 sil 5 . 5  
30 22 sil 5 . 4  
31 21 sil 5 . 4  
32 22 sil 5 . 6  
33 23 sil 5 . 8  
29 18 sil 6 . 2  
31 19 sil 6 . 6  
33 18 sil 7 . 0  
32 17 sil 7 . 4  
33 16 sil 7 . 7  
30 13 sil 7 . 8  
29 11 sil 7 . 8  
34 13 sil 7 . 8  
31 15 sil 7 . 8  
14 59 clay 7 . 2  
28 18 sil 7 . 8  
21 52 clay 7 . 3  
6 70 clay 7 . 2  
4 69 clay 7 . 2  
3 57 clay 7 , 2  
4 65 clay 7 . 1  
4 68 clay 7 . 1  
5 63 clay 7 . 2  
10 73 clay 7 . 2  
8 67 clay 7 . 2  
3 52 clay 7 , 3  
9 67 clay 7 , 2  
5 64 clay 7 . 2  
6 75 clay 7 , 2  
6 75 clay 7 . 2  
4 47 sc-c 7 , 2  
8 71 clay 7 . 3  
Ridge 
CoSl 
40 
39 
38 
36 
39 
42 
45 
43 
45 
42 
42 
49 
46 
45 
48 
48 
52 
54 
51 
52 
13 
47 
16 
6 
6 
6 
5 
3 
4 
5 
4 
3 
4 
3 
3 
3 
4 
3 
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Stop 6 (1988); Burmeister's Ridge 
SampleLdpcm Mptcm Sand CoSi FiSi Clay FiC FC/TC Text. pH 
88601 8 4 5 42 32 21 11 0 . 5 4  sil 5 . 9  
88602 17 13 4 44 33 19 10 0 . 5 3  sil 5 . 7  
88603 31 24 3 37 29 32 20 0 . 6 2  sicl 5 . 5  
88604 42 37 2 38 29 30 19 0 . 6 2  sicl 5 . 2  
88605 59 51 3 40 30 28 17 0 . 6 1  sicl 5 . 0  
88606 71 65 3 42 29 26 16 0 . 6 1  sil 5 . 0  
88607 86 79 2 42 31 25 16 0 . 6 3  sil 5 . 1  
88608 106 96 5 40 30 25 18 0 . 7 0  sil 5 . 2  
88609 111 109 24 25 35 16 8 0 . 5 1  sil 4 . 9  
88610 124 118 3 46 33 18 12 0 . 6 7  s i l  5 . 4  
88611 137 131 7 41 36 17 10 0 . 5 9  sil 6 . 1  
88612 150 144 40 16 31 13 5 0 . 3 5  loam 6 . 3  
88613 162 156 55 10 24 12 4 0 . 3 2  si 6 . 7  
88614 175 169 76 6 9 9 3 0 . 3 7  Is 6 . 6  
88615 185 180 68 1 2 29 22 0 . 7 5  sol 6 . 6  
88616 202 194 85 0 0 15 13 0 . 8 3  Is 6 . 6  
88617 214 208 81 0 1 18 16 0 . 8 7  si 6 . 7  
88618 220 217 86 0 1 14 12 0 . 8 9  si 6 . 8  
Stop 5 (1988): Burmeister's Ridge 
SampleLdpcm Mptcm Sand CoSi FiSi Clay FiC FC/TC Text. pH 
88501 7 4 4 43 37 17 8 0.45 sil 6 . 6  
88502 18 13 4 44 36 16 7 0.45 s i l  6 . 3  
88503 28 23 3 41 34 23 13 0 . 5 5  s i l  5 . 4  
88504 39 34 3 39 32 26 16 0.60 sil 5 . 1  
88505 50 45 3 40 30 27 17 0 . 6 4  sicl 5 . 0  
88506 62 56 5 39 29 27 17 0 . 6 4  sicl 4 . 9  
88507 76 69 11 32 30 28 18 0 . 6 5  sicl 5 . 0  
88508 82 79 29 8 12 51 37 0 . 7 4  clay 5 . 0  
88509 92 87 24 2 3 71 52 0.74 clay 5 . 5  
88510 102 97 30 1 2 68 43 0 . 6 4  clay 6 . 2  
88511 118 110 14 1 6 79 32 0.41 clay 6 . 8  
88512 134 126 . 6 3 28 64 17 0.27 clay 7 . 0  
88513 146 140 6 1 19 74 24 0.32 clay 7 . 1  
88514 160 153 5 2 24 68 22 0.32 clay 7 . 2  
88515 170 165 6 4 32 59 18 0.31 clay 7 . 2  
88516 187 179 10 2 27 62 20 0.32 clay 7 . 3  
88517 205 196 59 10 5 26 17 0 . 6 7  scl 7 . 8  
88518 222 214 30 3 14 54 23 0.43 clay 7 . 8  
88519 250 236 15 2 22 61 31 0.51 clay 7 . 3  
t 
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Stop 4 (1987) : Burmeister's Ridge 
Clay Text. pH Sample Ldpcm Mptcm Sand CoSi FiSi 
87401 23 11 ' 4 43 32 21 s 11 6 . 6  
87402 33 28 3 37 30 30 sicl 5 . 7  
87403 47 40 3 37 28 32 sicl 5 . 1  
87404 67 57 3 39 29 30 sicl 5 . 1  
87405 82 75 3 40 29 28 sicl 5 . 1  
87406 97 90 3 44 26 27 sicl 5 . 3  
87407 107 102 3 41 29 27 sicl 5 . 2  
87408 117 112 2 41 30 26 sil 5 . 3  
87409 136 127 2 41 32 25 sil 5 . 3  
87410 150 144 2 44 32 22 sil 5 . 6  
87411 163 157 4 45 32 20 sil 6 . 9  
87412 173 169 3 47 34 16 sil 7 . 4  
87413 185 180 2 45 41 12 sil 7 . 6  
87414 197 191 7 36 42 15 sil 7 . 7  
87415 204 200 12 27 45 16 sil 7 . 5  
87416 217 210 6 36 43 15 sil 7 . 9  
87417 230 224 26 8 11 55 clay 7 . 5  
87418 245 238 26 4 9 61 clay 7 . 3  
87419 261 253 22 2 9 67 clay 7 . 2  
87421 272 267 23 3 10 65 clay 7 . 0  
87422 285 279 57 3 2 39 sc 7 . 3  
87423 295 290 7 2 2 88 clay 7 . 2  
87424 305 300 16 1 1 82 clay 7 . 2  
87425 317 311 53 3 3 41 sc 7 . 5  
87426 331 324 31 4 5 60 clay 7 . 3  
87427 344 338 39 6 15 41 clay 7 . 5  
87428 349 347 52 3 5 40 sc 7 . 4  
87429 360 355 73 3 3 21 scl 7 . 7  
87430 370 365 70 3 3 24 scl 7 . 7  
87431 378 374 43 2 2 53 clay 7 . 5  
87432 392 390 52 3 3 41 sc 7 . 6  
87433 406 398 82 3 0 16 si 7 . 8  
87434 420 413 83 2 1 15 si 7 . 9  
87435 437 429 81 2 0 16 si 7 . 9  
87436 457 447 75 3 2 20 scl 7 . 9  
87437 468 462 54 6 6 35 scl-sc 7 . 6  
87438 483 473 86 3 2 9 Is 8 . 0  
87439 498 491 86 2 2 10 Is 8 . 0  
Stop 6 (1987) : Burmeister 's Ridge 
SampleLdpcm Mptcm Sand CoSi FiSi Clay FiC FC/TC Text. pH 
87601 11 6 4 41 34 22 8 0.37 sil 5 . 8  
87602 22 17 3 35 33 29 13 0.46 sicl 5 . 7  
87603 39 31 3 35 30 33 15 0.45 sicl 5 . 8  
87604 59 49 4 36 29 32 16 0.50 sicl 5 . 8  
87605 73 66 4 42 27 28 13 0.46 sicl 5 . 5  
87606 94 84 4 43 28 26 11 0.44 sil 5 , 5  
87607 113 104 4 42 28 26 12 0.44 sil 5 . 5  
87608 124 119 6 35 30 29 13 0.45 sicl 5 . 5  
87609 131 128 15 15 20 50 28 0.56 clay 5 . 5  
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Stop 5 (1987) : Burmeister 's Ridge 
FC/TC pH SampleLdpcm Mptcm Sand CoSi FiSi Clay FlC Text. 
87501 7 4 3 43 34 21 9 0.41 sil 5 . 5  
87502 15 11 3 37 30 30 14 0.47 s id 5 . 7  
87503 32 24 3 37 30 30 14 0.48 sicl 5 . 5  
87504 48 40 3 37 30 30 16 0 . 5 2  sicl 5 . 0  
87505 63 56 3 41 29 28 14 0.50 sicl 4 . 8  
87506 77 70 2 42 31 25 12 0.47 sil 5 . 0  
87507 92 85 2 40 33 25 11 0.44 sil 5 . 1  
87508 106 99 2 45 30 24 10 0.41 sil 5 . 1  
87509 120 113 3 44 32 22 9 0.41 sil 5 . 2  
87510 135 128 2 43 35 19 9 0.45 sil 5 . 4  
87511 157 146 2 48 32 18 9 0 . 5 0  sil 5 . 6  
87512 176 167 1 45 37 17 6 0.34 sil 6 . 7  
87513 196 186 2 44 41 14 3 0.21 sil 7 . 4  
87514 209 203 2 41 44 13 3 0 . 2 1  sil 7 . 5  
87515 223 216 12 10 26 52 9 0.17 clay 7 . 1  
87516 235 229 8 1 29 62 15 0.24 clay 7 . 0  
87517 257 246 9 2 25 65 17 0 . 2 6  clay 7 . 0  
87518 268 263 6 3 20 71 22 0 . 3 1  clay nd 
87519 284 276 nd nd nd nd nd clay nd 
87521 302 293 7 2 22 69 23 0 . 3 3  clay 7 . 1  
87522 312 307 nd nd nd nd nd clay nd 
87523 320 316 nd nd nd nd nd clay nd 
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APPENDIX C; ELEMENTAL COMPOSITION DATA 
List of Abbreviations 
Mdpt - Horizon midpoint in centimeters 
Sid - CBD-extractable silicon (g/kg) 
Sit - Total silicon (g/kg) 
Aid - CBD-extractable aluminum (g/kg) 
Alt - Total aluminum (g/kg) 
Fed - CBD-extractable iron (g/kg) 
Fex - Oxalate-extractable iron (g/kg) 
Fet - Total iron (g/kg) 
Mnd - CBD-extractable manganese (g/kg) 
Mnx - Oxalate-extractable manganese (g/kg) 
Mnt - Total manganese (g/kg) 
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Stop 1 (1988) : Meyer's Field 
Mnd Mnx Mnt Sample Mdpt Sid Sit Aid Alt Fed Fex Fet 
88101 11 0 . 3  371.6 0 . 4  3 9 . 6  4 . 9  2 . 7  16 .2 1148 759 1144 
88102 28 0 . 3  0 . 5  6 . 3  3 . 1  971 944 
88103 41 0 . 3  0 . 7  8 . 8  4 . 1  697 589 878 88104 59 0 . 4  3 4 3 . 9  0 . 8  5 7 . 8  8 . 4  4 . 4  28 .0 896 677 
88105 74 
461 88106 89 0 . 4  0 . 7  9 . 3  3 . 5  777 
88107 104 
507 7 3 2  88108 118 0 . 5  334.1 0 . 6  4 8 . 9  9 . 4  3 . 0  26 .3 790 
88109 133 
88110 148 
88111 163 
88112 178 
451 6 7 3  88113 193 0 . 4  354.9 0 . 3  5 8 . 5  10.4 2 . 2  26 .3 631 
88114 208 • — 
88115 223 
250 201 88116 238 0 . 6  0 . 2  9 . 2  1 . 5  
292 88117 253 0 . 7  2 9 7 . 1  0 . 2  4 0 . 1  9 . 0  1 . 2  19, .0 131 102 
88118 268 0 . 6  0 . 2  7 . 6  1 . 3  106 69 
88119 283 0 . 5  0 . 2  7 . 4  0 . 9  102 82 
1488 88121 297 0 . 8  306.0 0 . 4  4 5 . 9  13.1 1 . 4  23 .7 1347 1045 
88122 307 0 . 6  0 . 4  7 . 9  1 . 1  1463 836 
88123 316 0 . 8  0 . 4  11.0 1 . 6  449 420 875 88124 326 0 . 8  316.1 0 . 5  4 0 . 3  11.4 0 . 8  18 .0 767 619 
88125 341 
110 90 83 88126 359 0 . 7  3 8 6 . 4  0 . 4  4 7 . 2  1 2 . 9  0 . 4  1 6 ,  .2 
88127 376 
316 88128 389 0 . 7  0 . 3  3 . 6  0 . 3  437 
88129 405 0 . 4  0 . 1  2 . 5  0 . 1  75 64 
88130 423 0 . 4  415.1 0 . 2  2 2 . 9  3 . 3  0 . 1  3. .9 50 6 -0 
88131 438 
88132 454 
11 88133 470 0 . 4  4 2 6 . 6  0 . 1  3 0 . 8  2 . 2  0 . 1  3, ,9 0 0 
88134 485 
30 8 88135 501 0 . 5  0 . 3  5 . 6  0 . 3  
88136 514 0 . 4  3 8 9 . 9  0 . 4  3 6 . 1  7 . 6  0 . 3  8. ,3 28 6 0 
88137 523 
33 22 88138 534 0 . 4  3 5 4 . 6  0 . 4  40.4 3 . 8  0 . 1  5, ,9 9 
88139 548 381.1 2 8 . 3  3. . 6 
94 74 88141 563 0 . 7  1 . 4  2 3 . 1  0 . 4  
88142 580 0 . 9  1 . 5  2 8 . 6  0 . 5 .  63 6 78 88143 597 1 . 1  2 5 7 . 7  2 . 2  8 2 . 4  54.9 0 . 5  6 5 . 4  121 0 
88144 613 0 . 9  2 . 3  5 0 . 9  0 . 5  274 237 
88145 626 1 . 7  3 . 7  6 2 . 2  0 . 9  159 5 
259 88146 639 2 . 0  205.1 4 . 5  121.4 8 9 . 9  1 . 2  91, ,1 246 15 
88147 648 0 . 9  3 6 2 . 2  1 . 6  40.0 2 5 . 9  0 . 6  38. ,3 77 4 28 
88148 656 1 . 8  4 . 0  8 9 . 9  1 . 1  254 156 6874 88149 669 1 . 7  1 9 6 . 1  3 . 8  113.1 5 8 . 8  1 . 0  7 9 .  ,1 5834 7239 
88150 683 1 . 6  3 . 4  5 3 . 3  0 . 7  1467 1023 
88151 696 1 . 0  2 , 1  5 5 . 2  0 . 8  621 576 
88152 709 0 . 4  0 . 7  7 . 2  0 . 3  168 181 
.314 88153 722 0 . 4  3 6 9 . 6  0 . 8  4 5 . 0  8 . 5  0 . 3  12, 4 220 203 
88154 734 0 . 9  1 . 5  2 5 . 7  0 . 5  1425 1079 
88155 748 0 . 9  2 . 0  5 5 . 1  2 . 2  4777 5070 
88156 7 6 3  2 . 1  3 . 1  8 6 . 3  3 . 3  9069 6460 
88157 776 1 . 9  2 . 9  4 6 . 2  3 . 4  7047 9819 
1904 88158 791 0 . 4  3 3 5 . 6  1 . 1  5 5 . 0  9 . 8  0 . 5  2 7 , 4  1571 1550 
88159 809 0 . 4  3 6 6 . 3  0 . 9  3 8 . 3  14.9 0 . 7  14.9 1072 818 744 
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Stop 3 (1987): Burmelster's Ridge 
Sample Mdpt Sit Aid Alt Fed Fex Fet Mnd Mnx Mnt 
87301 
87302 
87303 
87304 
87305 
87306 
87307 
87308 
87309 
87310 
87311 
87312 
87313 
87314 
87315 
87316 
87317 
87318 
87319 
87321 
87322 
87323 
87324 
87325 
87326 
87327 
87328 
87329 
87330 
87331 
87332 
87333 
87334 
87335 
87336 
87337 
87338 
87339 
11 
3 0  3 6 8 . 3  
42 
53 
66 340.7 
81 
95 
110 
124 
138 343.9 
153 
168 
183 
198 
213 316.2 
228 
243 
257 297.2 
272 
284 
297 269.0 
310 
324 297.1 
3 4 4  2 3 2 . 4  
364 
379 271.4 
394 
406 222.6 
419 
435 207.6 
449 
464 290.7 
480 
494 
507 
521 209.0 
535 
553 200.1 
0 . 4  4 9 . 6  5 . 1  3 . 5  1 6 . 2  1 4 0 2  1 3 2 8  1 5 0 5  
0 . 7  
0 . 7  5 4 . 2  
0 . 9  
7 . 5  
7 . 8  
8 . 5  
0 . 3  
0 . 3  5 3 . 9  
6 . 8  
5 . 2  
0 . 1  1 . 5  
0 . 9  7 7 . 7  1 2 . 7  
0 . 3  4 . 2  
1 . 0  7 5 . 1  1 3 . 1  
1 . 9  7 0 . 7  2 6 . 4  
1 . 4  8 6 . 4  1 9 . 2  
2 , 6  1 0 2 . 1  4 3 . 1  
9 5 . 2  5 7 . 6  
4 3 . 8  
2 . 9  
2 . 7  
1 . 7  9 2 . 0  2 4 . 3  
2 . 2  3 2 . 6  
3 . 8  1 0 2 . 8  5 2 . 2  
1 . 3  2 8 . 7  
5 . 1  
4 . 7  
4 . 2  
2 9 . 8  
865 
686 
870 
3 . 0  
1 . 7  2 1 . 8  
667 
481 
0 . 5  
1 . 2  
0 . 7  
0 . 7  
0 . 6  
0 . 8  
0 . 4  
0 . 8  
1 . 0  
1 , 4  
0 , 9  
0,8 
0 , 0  
3 6 , 5  
3 5 . 9  
5 2 . 7  
109 
235 
89 
35 
159 
4 8 . 0  6 7 1  
131.3 925 
7 2 . 3  
5 5 . 3  
7 3 . 3  
1588 
1350 
718 
867 
646 
166 
704 
443 
642 
660 
0 . 6  6 5 . 4  1 1 . 3  3 . 5  2 8 . 6  8 8 2  6 2 0  7 7 7  
446 
285 431 
0 . 3  4 5 . 0  8 . 3  2 . 0  1 9 . 7  8 5 3  6 4 0  8 2 7  
58 
199 
70 
2 
0 
196 
0 
869 
532 
1043 
0 
784 
0 
0 
220 
0 
260 
61 
168 
806 
1283 
1510 
7 3 2  
781 
3 . 3  9 6 . 8  7 1 . 7  1 . 1  8 8 . 5  1 3 5 8  3 1 0  1 9 7 1  
221 
Stop 4 (1987): Burmeister's Ridge 
Fet Hnd Mnx Mnt Sample Mdpt S i t  Aid Alt Fed Fex 
87401 11 387 .1 0 . 6  47.0 6 . 3  2 . 4  19.9 803 698 866 
87402 
87403 
28 
40 368 .1 0 . 9  6 3 . 0  9 . 0  3 . 3  30.2 240 248 404 
87404 57 
684 409 87405 75 0 . 9  8 . 6  2 . 5  
87406 90 
87407 102 
87408 112 
411 723 87409 127 398 .7 0 . 6  5 8 . 4  8 . 7  2 . 4  31.5 640 
87410 144 
409 87411 157 0 . 3  7 . 5  1 . 7  509 
87412 169 
256 475 87413 180 357 .8 0 . 3  3 5 . 0  5 . 6  1 . 0  2 3 . 0  256 
87414 191 0 . 4  6 . 1  1 . 0  219 234 
384 87415 200 286 .3 0 . 8  4 9 . 9  11.2 3 . 6  24.8 227 269 
87416 210 0 . 3  5 . 1  1 . 5  207 223 
483 87417 224 296 .9 2 . 5  6 9 . 1  2 9 . 2  1 . 9  5 0 . 2  361 316 
87418 238 2 . 9  3 2 . 3  1 . 7  322 216 
269 87419 253 307, .6 3 , 4  6 0 . 9  3 8 . 7  1 . 9  62.4 239 114 
87421 267 3 . 3  3 6 . 7  2 , 0  140 72 
71 87422 279 415, .3 1 . 4  5 0 , 4  1 5 . 8  0 , 9  3 0 . 9  73 48 
87423 290 2 3 3 ,  .6 2 . 8  1 3 2 , 0  2 6 . 4  1 , 1  4 9 . 7  212 371 344 
87424 300 
366 87425 311 3 7 9 ,  .1 1 . 4  5 1 , 8  1 7 . 0  0 , 9  3 3 . 1  455 460 
87426 324 2 . 6  3 5 . 6  1 , 8  1803 1336 
87427 338 
1537 87428 347 3 6 2 .  ,7 1 . 3  4 3 , 1  1 8 . 2  0 . 9  3 5 , 4  693 762 
87429 355 
800 87430 365 4 5 0 ,  ,8 0 . 9  2 9 , 2  1 3 . 8  0 . 4  18,6 975 851 
87431 374 1 . 9  2 4 . 4  0 . 9  2279 1825 
87432 390 1 . 8  3 3 , 1  0 . 9  1225 974 
87433 398 
52 - 3 8  87434 413 300. ,7 0 , 6  2 6 . 5  7 , 5  0 , 4  9 , 2  80 
87435 429 
87436 447 
87437 462 1 , 2  2 2 , 6  1 , 0  1785 1914 
87438 473 
71 87439 491 4 8 2 ,  ,7 0 , 7  1 7 , 2  9 , 6  0 , 4  1 6 , 6  163 142 
222 
Stop 7 (1988) : Burmelster's Ridge 
Sample Mdpt Sid Sit Aid Alt Fed Fex Fet Mnd Mnx MnC 
88701 6 0 . 3  0 . 4  5 . 4  882 
88702 17 0 . 2  393.2 0 . 4  4 3 . 5  5 . 8  2 . 7  17.9 907 1076 
88703 32 0 . 2  0 . 6  6 . 7  833 
88704 49 
88705 65 0 . 4  340.4 1 . 0  4 7 , 4  8 . 4  4 . 4  31.9 806 678 
88706 84 
88707 102 
88708 122 0 . 3  2 8 9 . 3  0 . 8  5 8 . 6  7 . 5  3 . 0  2 9 . 4  750 7 3 9  
88709 142 
88710 158 0 . 4  0 . 7  7 . 4  644 
88711 174 0 . 4  3 8 5 . 9  0 . 7  5 4 . 9  8 . 8  2 . 2  2 6 . 4  488 602 
88712 192 0 . 4  0 . 6  8 . 8  438 
88713 207 0 . 6  380.4 1 . 0  5 2 . 6  1 5 . 3  1 . 7  3 6 . 1  636 490 831 
88714 220 1 . 4  2 9 7 . 2  2 . 4  7 4 . 0  5 6 . 0  3 . 0  7 9 . 3  3485 3683 5060 
88715 233 0 . 9  2 . 3  3 4 . 5  2 . 9  4674 4481 
88716 247 0 . 9  254.7 2 . 3  102.2 2 6 . 7  3 . 3  6 4 . 4  5261 4609 5 7 7 2  
88717 259 1 . 1  2 . 9  4 3 . 9  3 . 3  3611 4753 
88718 270 1 . 5  3 . 4  5 4 . 6  2 . 1  2540 3611 
88719 283 1 . 7  2 3 7 . 0  2 . 8  102.8 4 2 . 7  4 . 0  6 3 . 3  6046 5388 7012 
88721 298 nd nd nd nd nd nd 
88722 313 1 . 3  2 4 5 . 5  2 . 6  9 9 . 8  3 0 . 0  3 . 2  5 5 . 1  4754 3209 4851 
88723 329 1 . 3  2 . 4  3 2 . 9  4 . 0  6369 4118 
88724 340 1 . 4  3 4 5 . 2  2 . 4  34.1 6 4 . 9  4 . 2  8 2 . 6  3982 2489- -J52G 
88725 348 0 . 7  1 . 6  2 1 . 9  nd 1803 nd 
88726 362 0 . 7  1 . 4  2 3 . 8  1 . 0  993 759 
88727 374 1 . 1  2 9 3 . 9  2 . 3  5 9 . 8  8 9 . 4  9 . 9  9 0 . 8  2075 1680 2178 
88728 380 0 . 7  1 . 1  1 7 . 0  nd 37330 nd 
88729 392 0 . 6  1 . 0  1 8 . 6  1 . 6  4472 4778 
88730 409 1 . 3  1 . 8  3 7 . 7  1 . 3  1510 1137 
88731 423 1 . 6  2 3 7 . 6  2 , 9  101.2 5 3 . 0  1 . 9  7 8 . 2  1640 886 1193 
223 
Stop 5 (1987): Burmeister's Ridge 
Sample Mdpt Sit Aid Alx Alt Fed Fex Fet Mnd Mnx Mnt 
87501 4 3 9 8 . 8  0 . 5  1 . 1  50.0 7 . 3  2 . 2  1 7 . 1  865 886 890 
87502 11 
87503 24 3 8 9 . 7  0 . 8  1 . 7  6 1 . 2  10.7 3 . 2  2 6 . 3  410 348 494 
87504 40 
87505 56 0 . 8  1 . 7  11.1 3 . 0  353 392 
87506 70 
87507 85 3 7 2 . 3  0 . 7  1 . 6  4 5 . 4  11.3 2 . 4  2 8 . 9  577 451 6 5 8  
87508 99 
87509 113 0 . 7  1 . 3  10.4 2 . 0  463 469 
87510 128 
87511 146 424.6 0 . 4  1 . 0  5 4 . 9  8 . 4  1 . 5  2 3 . 3  349 353 481 
87512 167 
87513 186 0 . 2  0 . 5  6 . 2  1 . 8  334 357 
87514 203 3 7 3 . 1  0 . 2  0 . 7  4 9 . 6  6 . 5  1 . 8  2 0 , 2  487 446 6 7 2  
87515 216 3 6 3 . 4  1 . 8  2 . 0  7 5 . 1  2 8 . 5  3 . 3  4 9 . 8  564 753 725 
87516 229 2 . 7  2 . 2  3 5 . 4  2 . 4  295 217 
87517 246 340.3 2 . 4  1 . 8  9 3 . 1  3 2 . 9  1 . 7  4 2 , 8  179 97 131 
87519 276 2 . 5  2 . 0  3 9 . 2  1.4 1185 981 
87521 293 347.4 2 . 8  2 . 1  9 6 . 1  4 2 . 1  1 , 9  5 9 , 6  1538 1018 1523 
Stop 5 (1988): Burmeister's Ridge 
Sample Mdpt Sit Aid Alt Fed Fex Fet Mnd Miuc Mnt 
88501 4 0 . 4  6 . 2  1 . 9  962 953 
88502 13 381,0 0 . 5  4 5 . 9  6 . 4  2 . 0  15.7 1011 922 1046 
88503 23 0 . 7  9 . 6  2 . 5  343 346 
88504 34 0 . 9  9 . 6  3 . 4  230 237 
88505 45 3 3 7 . 9  0 . 9  61.0 10.9 3 . 6  28.0 184 189 267 
88506 56 - 1 . 0  10.8 4 . 2  167 167 
88507 69 3 2 7 . 1  1 . 0  6 3 . 9  10.1 4 . 0  31.4 269 297 404 
88508 79 2 . 5  21.8 . 3 . 4  992 765 
88509 87 251,1 2 . 8  111.2 3 5 . 6  3 . 2  6 2 . 1  1163 732 1370 
88510 97 3 . 0  3 9 . 4  3 . 0  1758 1468 
8851-1 110 2 3 8 , 3  3 . 2  114.3 5 5 . 0  2 . 7  74.0 2962 2065 3569 
88512 126 3 . 5  41.8 3 . 3  2369 1800 
88513 140 2 1 9 , 5  4 . 0  122.5 4 8 . 1  2 . 3  74.3 2080 1055 1908 
88514 153 3 . 7  5 2 . 9  2 . 6  2935 1701 
88515 165 153.9 3 , 4  9 9 . 4  4 5 . 2  3 . 6  83.5 5409 3738 5767 
88516 179 3 . 0  3 5 . 4  3 . 5  3317 2449 
88517 196 4 0 . 9  0 . 9  24.0 10.1 1 . 7  16.5 943 675 1033 
88518 214 1 . 5  21.0 3 . 2  1468 1408 
88519 236 1 . 4  21.3 2 . 5  1810 1501 
• #• 
T 
